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- ABSTRACT -

An overview of the design and manufacturing life cycle of a

o SEEERAS 8 B S el A

hybrid has been compiled. CAD/CAM interfaces are discussed. Database
specifications and types are highlighted. Current and planned MAN TECH
orograms in the area of hybrid microelectronics technology are summarized.
An industry survey has been conducted and analyzed to ascertain those

areas where manufacturing technology advancements will have the maximal

cost reduction. A HICADAM Systems architecture is proposed utilizing
the ICAM modeling methodology of IDEFO.
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- INTRODUCTION -

The design and manufacture of a hybrid microelectronics circuit
requires the interfacing of diverse technologies on the leading edge of
materials sciences, equipment advancements, and the advent of computer
controlled manufacturing processes. Hybrids offer distinct advantages in
weight, volume, performance, power, and reliability considerations. They
are an efficient interconnect and packaging technology which is cost
effective only when their inherent advantages outweigh their relative
design and manufacturing costs.

An analysis of the design & manufacturing life cycle of a hybrid
has revealed areas where manufacturing technology advancements will reduce

the cost of hybrid microelectronics circuits. These advancements may flow
from new materials, new processes, and from the introduction of computer
integrated manufacturing. Current and planned manufacturing technology
enhancement projects are discussed and related to a systems architecture.
Projects are proposed for those identified areas where no scheduled
projects occur.

Computer integrated manufacturing entails the interfacing of
CAD, CAM, CAT, and MIS systems. This interfacing will ensure a closed
loop system to design and manufacture hybrids. An architecture which

shows these interfaces has been developed.

B b e e e m e aa e




C | - HYBRID DESIGN PROCESS -

The design process of a hybrid circuit is influenced by many
factors. These include the origin of the design stimulus, the extent of
the design effort to be undertaken, and the technological constraints.

\ Design evolution, from its conceptualization through its finalization, is
a continual tradeoff between these various factors.

The market niche which a firm seeks determines the extent of
! its design effort. A firm which designs and produces custom hybrids may
delve into specific component fabrication. Other firms may use off-the-
shelf components exclusively because hybrids are one item in an end
product. Military applications generally tend more toward the specialty
L component markets.
Technological constraints flow from material areas and manufact-

uring processes. Material constraints include cost, reliability, and

{ ‘ physical characteristics. The physical characteristics of certain materials
L (such as beryllia-use in substrates) may dictate extreme environmental
| cortrols. The constraints from manufacturing processes include repeata-

! bility and mechanical considerations (such as the precise positioning of

a large XY table).

- The design process of a hybrid is more art than science. The
process is very iterative and each subset of activities are strongly
interrelated. The three general functions which occur during design are:

K. e technology selection

i o detailed design

E o detailed documentation

o
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Technology Selection

Technology selection begins the design process for a hybrid.
The designing entity must balance competing forces so that a cost effective
nybrid design with the necessary performance characteristics may be
realized. A list of factors to be considered includes:

e requirements (performance,reliability,specifications)

e capabilities (equipment,facilities,labor force)

e producibility (component density,yield/design margins)

e material (lead times,number of sources)

e costs (material,equipment,burdened labor,pricing factors)
The interplay of these decision factors will result in the establishment
of boundaries to the conceptualization process.

Hybrid conceptualization may be instituted as a result of a
stimulus to create a new product or to modify an existing product. This
process can be described as a mixture of direct synthesis, approximate
synthesis, and intuitive innovation.

Direct synthesis is the process of using a historical design as
a basis for the new design. This is an evolutionary development of a
hybrid design.

Approximate synthesis is the process of using two or more
historical designs as the basis for the new design. This is a combinatorial
evolution of existing designs.

Intuitive innovation is the art and science of developing a
completely new circuit design. This is usually the result of a new

breakthrough in materials sciences but may result from the advancement of

manufacturing technologies.
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f . Detailed Design

The detailed design process flows from the technology selection
decisions. The product is defined logically, electrically, and then
physically. This phase of the design process is the most interrelated.
Throughout the design steps a designer can use a CAD/CAM system to aid in
relating such factors as physical limitations, circuit testability, circuit
producibility, and circuit performance specifications. A CAD/CAM system
is illustrated in figure 1.

Logical design integrates the conceptual signal flow with the
interface requirements generated from circuit partitioning. The logic
diagrams can be generated in two fashions. The first features the inter-
action of a designer and a CAD tibrary of logic symbols. The second uses
Boolean Algebra circuit descriptions with a computer to generate the logic
ciagram. As circuit complexities increase the second procedure becomes
more important.

The next step in the design process is the generation of a

detailed electrical schematic. The effort involved here is dependent on
the detail of the logic diagram. In the best case, the designer needs only
to specify part numbers, to add in power/ground requirements, to add signal
conditioning circuitry, and to develop a parts list. In the case of a

high level block diagram, the designer must develop detailed logic state-

N ments to describe each block. These, in turn, will be used in creating

a
-

the complex schematic. In complex circuits design verification can often

only occur through the building of a prototype circuit. In the case of

- A

a circuit which uses very large scale integrated devices a macroscopic

. WA
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circuit simulation may be the only viable verification tool.
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The output of the electrical design consists of documentation,

inninentnet i

test program information, physical design data, and data for computerized

, circuit analyses. At this time a schematic may be generated from the CAD

'.llLAAL

database as part of the deliverable documentation. Routing and comporent
{ placement data is extracted from the CAD system, or manually compiled,
{ and utilized in the physical design process. Crucial test information

to be considered includes signal levels, signal types, and the identifi-

aallilibe

f cation of critical test nodes. An illustrative test program generation

flow is given in figure 2.

A detailed discussion of circuit design and analysis programs i
, is beyond the scope of this report. The following brief discussion on 3
{ possible program attributes is included only to add a degree of robustness 3
{ to the analysis of hybrid microelectronic circuit design. a

Circuit design and analysis programs are varied both in their

applications and in their complexity. Statistical analyses, such as for

component tolerances , may be useful ( an example is ASTAP ). They a
may be used to perform AC, DC, and transient analyses (as does ASTAP as g
well as SPICE2 ). Design verification and fault simulation for digital circuits '
is becoming more important as the complexities of circuits increases. TEGAS :
E’ orovides useful tools in these respects. Specialty programs ( such as ?
ki COMPACT for microwave circuits ) may be useful in optimizing specific types ?
;' of circuits. The future for circuit design and analysis programs lies in :
| ¢ providing a mixed bag of tools to aid the designer as opposed to the %
generation of one all-encompassing analysis program. ]
T The hybrid circuit can now be defined on a physical basis. The ?
k' ‘ preliminary bill of materials, the preplacement criteria, and the physical @
- i L
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size limitations are now intermeshed. This information is supplied to the ii
designer in the form of extracted databases from previously generated CAD
databases or from manual compilation efforts. The physical design phase
may use a CAD system to determine two types of information. First, place- i;
ment information is generated consisting of the locations of the various
component parts that make up the circuit. Second, based upon this placement
of components upon the substrate, the pin-to-pin connections ( using the
netlist generated by the logic and electrical schematics ) for each com-
ponent are made. ]
Placement algorithms are complex and often designed to perform
most efficiently with a particular routing algorithm. Constraints that
placement algorithms must face are diverse and complex. Placement must

. not only consider which components are to be interconnected but also which

: components are to be connected to external connectors. They must account

'y

for component orientation ( to aid the automation of pick and place equip-

ment ) , the ultimate circuit configuration, and circuit densities so as

_ . .
K

to guard against plating difficulties.

Routing the hybrid requires four different types of inputs. The

¢ first inputs are the geometrical boundaries of the substrate. These are ;f
i

rf bounds beyond which no routed signals may exist. The second inputs are !?

1

general constraints under which the router will be forced to operate. h

Typical of these constraints are conductor widths and spacings, the number

.

' of layers, via sizes, and maximum flywire lengths. The third set of inputs
are extracted from the electrical schematic and are the netlists. This is

the pin to pin connection list and specifies which pin of each device is

| to connected to which pin of any other device or an outside connector.
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The fourth type of data is perhaps the most difficult to obtain, particularly
for hybrids. This is the physical description of the individual component
parts that make up any given hybrid. It includes the exact geometrical
Jocation of pins within that part and the component outline. These data
vary depending on whether the hybrid is to be chip and wire, TAB/BTAB, chip
carrier, or some combination of these techniques. In addition, certain
components might be designed with the routed circuitry itself. When this
is done the router must be sophisticated enough to automatically incorporate
these components into the circuitry or, as is more often the case, the
designer must design these devices before the routing process and treat
them as component parts. The routing complexity increases dramatically
when chip and wire techniques are used and the router must consider the
' possibility of differing topographies for the various components.

Current component placement and routing algorithms in use for

hybrid circuits are modified printed wiring board or VLSIC routing algor-

jthms. The lack of widespread success of these routing algorithms results

from important circuit differences which include line spacing, vias which

do not pass through the entire substrate, component topography, and

Lo S o

external connection requirements.

—vv

g’ After placement of components, routing of interconnects, and
i final gate assignments, sufficient information is available for further
ﬁ-{ circuit analysis. Verification of thermal characteristics, fan out/in
Hi power requirements, stray capacitance, testability, and general design
E7' rules can be verified. The results of this analysis may dictate changes
_' in the electrical schematig, physical layout, or the design algorithms.
o
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Detailed Product Documentation

The last phase of the design process is to detail the product
documentation. The test programs, circuit schematics, drawings, artwork
masters, and other design documentation are collated and verified. The
compilation of the test program is the main task of this phase.
The generation of a precise test program is accomplished to
satisfy specific program requirements. Data on circuit response to an
input stimulus is tabulated. The input nodes for the test signals are

generated such that the confidence interval selected for the test is

achieved ( minimal alpha and beta errors for a selected confidence interval).

For analog hybrids testing is accomplished by simulating the
actual useage in an end-product application. A computer generates the
input and monitors the resultant output. While analog hybrid trouble-
shooting is currently an art,work is being conducted on a guided probe
approach for analog troubleshooting.

Digital hybrids may be tested the same way as analog hybrids
but testing is more commonly done on a fault simulation basis. In very
complex digital hybrids testing is usually done on a global basis. Specific
path sensitization, fault libraries, and guided probes are aids to the
troubleshooting of digital hybrids.

There is a continual management review process during the design
37 a hybrid. Included in this process are program progress, cost tracking,
and documentation reviews. The design engineerina database will undergo
a final review as a complete package prior to being released to the

manufacturing engineering functions.
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- HYBRID MANUFACTURING PROCESS -

The manufacture of hybrid microelectronics has two main neneric
activities which are substrate fabrication and hybrid assembly. Substrates
are typically fabricated through a thin film or a thick film process. The
cofiring of ceramics, the use of mid-film technologies, and the use of
exotic materials are alternatives to thin and thick film processes. Hybrid
assembly consists of the mounting, interconnecting, and packaging of active
and passive devices on these substrates. For military applications

MIL-STD-833b is used to specify quality and test constraints.

Thin_Film Processes

Thin film substrate fabrication has two main functional activities.
These are photolithography and circuit delineation. Photolithography defines
the desired circuit pattern. Circuit delineation creates the actual film
lavers. ( Refer to figure 3 & figure 4 )

Photolithography is the task of applying and developing the resist
coating to form the circuit pattern. The resist is applied (via spinning
and baking, or lamination) and then exposed. The master artwork ( created
from a pattern on rubylith ) is used to expose a specific pattern upon the
resist. The resist is developed and washed leaving only the exposed resist
c2ttern on the base substrate. The substrate with the exposed resist is

tnen baked to insure the integrity of the resist pattermn.

Circuit delineation can now occur. This process occurs via an
additive or a subtractive technigue. In an additive process, evaporated
material is placed on the substrate by a vacuum deposition technigue. The
exposed pattern (resist or mask) covers those areas where layering is not

to occur. When the deposition process is completed the resist pattern is

:
o
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THIN FILM FABRICATION — ADDITIVE PROCESS

.l . - e

r——-—— RESIST *& r——— CONDUCTOR -——————;
| '

SUBSTRATE J

REMOVE
PHOTOLITHOGRAPHY RESIST
THIN FILM FABRICATION — SUBTRACTIVE PROCESS '
I
‘ ETCHING !
d ‘ <—————— RESIST ———>
! | <— CONDUCTOR ——> CONDUCTOR —%ﬂ
- L 7 -
P .
i ! $ t
. — SUBSTRATE —

Lad

B ok o




~—wr B e 0o ot Jhel Bog Enas e 4 —v Sl M R B - - -
odiiniidin & Znd Sui il e Sttt it Aud Jhalh ) o e Y Pl . Y

,‘ , reunoved, the substrate is cleaned, and then it is inspected. a
L In a subtractive process the exposed resist pattern covers those ;
r ' areas which are to remain as part of the circuit. The substrate is placed
in an etching solution. This causes the removal of the material on tne iy
uncovered surface area. When this praocess is complete the resist pattern 5
is removed, the substrate is cleaned, and then it is inspected.
Numerous techniques are being used to provide the energy needed i;
to cause the evaporation of the material to be deposited. These include

electron beams, ion beams, lasers, heating techniques, and sputtering.

The specific film characteristics sought by the user will determine the
tvpe of process selected.

Manufacturing constraints ( environmental concerns, increased
circuit densities, etc.) have fostered the advent of new manufacturing

technologies. Examples are the dry etching techniques. Plasma etching

F (¢ reactive dry etching) offers reduced chemical hazards but has the 4
: problems of repeatability caused by uneven gas flow and thermal gradients.
pi ion beam milling (a non-reactive dry etching) has enhanced flexibility !’

(angular milling, control of plasma potential,etc.) but suffers from a low

Y etch rate and poor selectivity.
S Thick Film Processes
[ Thick film technology involves the layering of a resistive, a

canductive, or a dielectric paste (ink) using a screen printing process.
f { Refer to figure 5 ) The paste (ink) is a composition of minute poly-
crystalline particles in a thixotropic carrier.
The screen printing process entails the application of a paste

. ' through a fine mesh stencil screen onto the substrate. The printed surface
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FIGURE 5.
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is then dryed and fired. The conductor layers are inspected and may be
tested prior to the continuation of the layering process. Multilayer
substrates require the fabrication of vias to serve as interconnects

between the conductor layers.

(Y. X VO S

Thick film resistors undergo a trimming operation. This fine
adjustment of the resistance values may be done using abrasives or a micro-
processor controlled laser. A

Substrate testing is generally limited to a continuity test of |
the conductor layers. Manual probes, a bed-of-nails test head, or a
capacitance test may be used to verify continuity. i

Numerous factors affect the success, or the failure, of the thick
Tilm screen printing process. These include paste rheology, stencil/screen
mask fabrication, and the printing technique. To date the screen printing ‘
process has not been significantly automated.

Cofired Ceramics Process

The cofired ceramics technology may use a sandwiching of tungsten a

conductor layers between green ceramic sheets. The layers are fabricated,

! oressed together, and then fired. ( Refer to.figure 6 )

E The main problem lies in the shrinkage and the non-repeatability
&, ' ot this shrinkage caused by the firing of the green ceramic. Shrinkages of q
i 2 to 20% are not uncommon. MWith the advent of tighter spaced lines due
to increasing circuit densities , this lack of ability to control the

-inkage prevents the widespread usace of cofired ceramic technoloay.

I ).

llramate Materials and Technologies

Alternate materials and technologies exist. Porcelanized steel

and organic materials can be used as a base for the substrate. A new 3
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FIGURE 6.
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mid-film technology can be used to deposit concictor material.

A general overview of the mid-film technique is as follows. Resist

is applied to a substrate (by spraying or dipping), a conductor pattern is
exposed, and the unexposed resist is washed off. The remaining pattern
has a 'sticky' consistency. A conductive powder is applied to this
pattern and the substrate is baked. During baking the resist pattern
evacuates from the substrate leaving a hardened conductor layer bonded to
the substrate.

Hybrid Assembly

Hybrid circuits may be assembled under a mixture of line flow

and batch mode production operations. The processes described below are

illustrative and not definitive.

For a chip and wire assembly the first operations occur in a die
attach area. The substrate is cleaned, the die are attached, cured, and
the substrate is then inspected for die positioning and integrity. Wire-
bonding is used for the necessary interconnections. ( Refer to fiaure 7 )

The wirebond activitiés may include the bonding of 2.0 mil, 1.9
mil, and 0.7 mii flywires. The wires are bonded thermosonically (using
heat and a 'sonic' scrubbing motion) or by thermocompression (using heat
and pressure). A sample and/or a 100% non-destructive wirepull may then be
conducted. ( Refer to figure 8 )

Alternatives to the chip and wire technology are to utilize taoe
automated bonding/bumped tape automated bonding or chip carrier techniques.
( Refer to figure 9 ) The TAB/BTAB and chip carrier technologies have
advantages and disadvantages. Each offers the ability to prescreen the

devices prior to attachment to the substrate which will improve yields.
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FIGURE 8.
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The major disadvantages are the loss of in process design flexibility, the

availability and standardization of materials, and the increased demand
for surface area to connect TAB/BTAB and chip carriers to the substrate.
After mounting the header the hybrid is ready to be packaged.
The leads are attached to the outside connectors and a package configuration
is selected. The hybrid may be hermetically sealed in a metal case, it may
be plastic encapsulated, or a conformal coating may be applied.
The hybrid ( as a component or as a circuit ) will undergo a
certain degree of testing. This testing occurs on a functional basis and
on an environmental basis. A functional test is a check on the actual
electrical performance of the hybrid whereas an environmental test checks
the hybrid under various operating conditions. The environmental tests
(also known as screening tests) include the following;
e particle impact noise detection
® stabilization bake
® temperature cycle
o fine leak/gross leak
¢ burn-in
® acceleration/shock
Hybrids which fail the tests are fault isolated. This process may
be manual (as in bench box test positions) or highly automatic (as in digital
fault simulation).
A major contributor to hybrid failures are the active devices
themselves. Hence, a prescreening program will increase hybrid yields.
TAB, BTAB, and chip carrier technologies offer this aspect. A statistical

sample plan can offer the same advantage for a chip/wire technology firm.
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Computer Aided Manufacturing

Computer aided manufacturing for hybrid microelectronics can be
used as a production tool in two basic modes. These are production support
and in production automation. Process identification, process monitoring,
process interaction, process control, and process planning are examples
in these areas. ( Refer to figure 10 )

The bulk of computer aided manufacturing lies between the process
interaction mode and the process control mode. As material handling,
equipment automation, and automated test/inspect processes become more
advanced and cost effective,the process control mode will become more
widespread.

Certain concepts of group technology can be applied in inter-
facing the design and manufacture of hybrid circuits. Areas of interest
include the compilation of component part characteristics, the performance
of manufacturing flow analysis, and the generation of planning.

The compilation of part characteristics (via a library parts
file) serves a function analogous to that of a coding and classification
scheme. The library parts files identify various distinguishing factors
(such as die topography, wirebond geographies,costs,wire sizes, etc) which
can be used as inputs to a production planning and production operations
system as well as the design process.

A manufacturing flow analysis can be utilized to achieve an optimal
facilities layout. The component characteristics, when combined with the
component counts and equipment specifications, can be used in determining

co-location requirements to minimize production costs and times.
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FIGURE 10.
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Process planning and operator work instructions have been tradi-
tionally generated by manual methods, often consisting only of engineering
drawings and handwritten instructions. As production levels and hybrid
complexities increase these types of documentation and planning are no
longer sufficient to accurately produce hybrids. The problem is intensified
in the high mix-low volume environment where an operator rarely works on the
same module long enough to realize learning curve benefits.

Use of a CAD database to generate process planning and to drive
the automated manufacturing operations dictates that the design and manuf-
acturing functions develop a mutual database specification. ( Refer to
figure 11 ) Computer generated planning is created interactively and
offers significant advantages.

These advantages include variablity in the mode of presentation
( traditional paper medium, CRT terminals, video displays, etc. ), work
instructions which accurately reflect the product engineering, and the
automation of certain manufacturing operations and configuration control.
One distinct advantage of using computerized planning is the accomodation
of die topography variations.

Variations in different vendors' die topographies for electrically
equivalent die provides a unique problem, especially in the low volume-high
mix environment. This problem is intensified when contractual obligations
force 'second source' requirements for unencapsulated chips. These variations
in device topographies become particularly onerous at three points in the

hybrid 1ife cycle. These points are at constructing the library parts files,

at component olacement and routing, and in process automation.

| @ | Composite Tibrary parts may offer a solution to some of the
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problems designers, placement algorithms, and routing algorithms face.

A composite library part is one that is made up of electrically equivalent
devices with very similar topographies. The similarities are rarely great
enough to provide meaningful information for wirebonding and die attach-
ment automation. The similarities are sufficient to ensure that when a
hybrid is designed using composites, any die of that composite family may
be used in the manufacturing process without violating standard manufac-
turing guidelines specifying chip fit on the pad, maximum wirebond length,
wirebond egress angles from the chip,etc. Composite 1ibrary parts are not
a panacea for all problems caused by using multiple vendors for each die,
but they do offer a solution to some of the problems. The creation of an
'artifical' intermediate does not come free. Composite libraries endure the
same control and maintenance problems common to all library parts. The
decision as to which composite a particular venders die belongs to must
also be addressed.

Material Handing

Hybrid manufacturing involves very specialized and tenacious

material handling problems. The size of microelectronic devices and their

inherent fragility are two examples of these problems. As the military

hybrid uses the most advanced state-of-the-art technoloay,and thus is the
;': most uniquely configured,standardization is not a viable alternative.
} ' Initial problems are encountered at the device attachment stage.
:.‘ Currently available pick and place mechanisms are not equipped to handle
E ' extremely small devices {less than 0.025 inches). Once the device is
‘ captured, the same pick and place mechanisms cannot rotate to insure the
L

proper device orientation. This necessitates an extra material handling
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step to repackage the devices to the new orientation prior to the pick and
place step of device attachment.

Handling substrates during device attachment and wirebonding but
sricr to sealing represents another problem area. Automated substrate
handlers are usually designed to accept one size of substrate. This inflex-
ibility, when combined with the die fragility and the exposed flywires,
leads to increased chances for damaging the work in process substrate.

Once sealed, the various package types represent unique handling
difficulties. The automation of loading, unloading, and test head fixturing
for automation are not feasible at current functional test, screening test,
and fault isolation work stations due to package physical characteristics
variations.

An ideal material handling system would have several character-
istics which apply to most hybrid manufacturing operations. A list of
these would include:

e three dimensional movement

e angular motion and circular motion

e very sensitive contact grippers/sensors
® optical character recognition

e interfaced with a CAD/CAM and MIS system

e self-correcting displacement compensation capability
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- CAD/CAM DATABASE SPECIFICATIONS -

One of the greatest values of a CAD database is that, if properly
constructed, it may also serve as the CAM database. Before significant
autormated use can be made of a database, its contents must be forrally
gefined and structured. The vehicle for this task is the database soecifi-
cation. The nybrid database specification must provide efficiency for
design activities as well as sufficiency for automated manufacturina tasks.
Such a specification can not be derived without equal input from both the
design and the manufacturing activities. A robust database specification
must interface between controlling data types, subfigqure data types, and
the formal layering scheme ( Refer to figure 12 ).

Controlling data represents an information subset which uniquely
jdentifies the generated database of a particular hybrid circuit. This
subset of the global database includes information such as part number,
affectivity data, revision data, and part-peculiar engineering text.

Subfigure data are inseperable mappings of araphic and non-graphic
entities within an engineering database ( the intelligence of the database!).
This subfigure data is usually referred to as library parts files but may
be known as cells. As these library parts files will be used throuchout the
CAD/CAM 1ife cycle of numerous hybrids their intearity must be strictly
maintained: Tne number and types of library parts files used varv from
manufacturer to manufacturer. They generaliy contain data which includes
logical, electrical, physical, and management oriented information.

Logical information includes net lists, pad numbers, signal nomen-
clature, and other signal flow data. This data will he used in verifying

the electrical accuracy of the physical layout, as an input to the drawing
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FIGURE 12.

ILLUSTRATIVE DATABASE INTERFACES
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of the electrical schematic, and in test program generation.

Physical information is used to generate the artwork, to drive
automated manufacturing processes, and as input to the automatic test
srogram. Tne physical database includes information on component size,
length/width of circuit runs, device locations, device orientation, and
such things as bond pad locations.

Electrical information kept in library parts files includes
operating device characteristics and cross-references to electricaily
equivalent devices. This database is used as an input to circuit analyses,
to the test program generation, to fault isolation programs, and as an
aid to in-process design changes.

Management data includes information on production costs. on
materials costs, on vender names, supplier names, and inspection criteria.
This management database is useful in configuration tracking, cost tracking.
pricing determinations, and other management associated activities.

The layering scheme represents the skeleton of the CAD process.
It is a structured hierarchy of information storage and presentation and
it establishes the mapping between physical reality and the computer data
storages. An example of a layering scheme is detailed in figure 33.

Care must be taken to avoid mixing hybrid circuitry layers with software
layers.

Work on a macroscopic database management system is being conducted

under the Integrated Program for Aerospace-Vehicle Design (IPAD). The IPAD

software being developed would augment existing CAD/CAM and MIS systems.

Relational and codasyl database management systems a.¢ being reviewed.
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o FIGURE 1.

.‘ﬂ ' ILLUSTRATIVE LAYERING SCHEME
.
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b GRAPHICS SYSTEM | DESCRIPTION ENTITY TYPE

. LAYER | .

- 1-4 1st LAYER CIRCUITRY LINE
b 5.9 1st LAYER DIELECTRIC LINE
- 10- 14 1st LAYER VIAS LINE
6 15-19 2nd LAYER CIRCUITRY LINE

' 20- 24 2nd LAYER DIELECTRIC LINE
» 25 - 29 2nd LAYER VIAS LINE
30 - 154 OTHER LAYERS LINE
155 - 159 LOWEST OHM INK PATTERN LINE
° 160 - 164 NEXT HIGHEST OHM INK PATTERN LINE
165 - 174 OTHER OHM INK PATTERNS LINE
175 - 179 DEVICES — UNENCAPSULATED SUBFIGURE
180 - 184 .0007 FLY WIRES LINE
185 - 189 .001 FLY WIRES LINE
190 - 194 .002 FLY WIRES LINE
195 - 199 DEVICES ~ TAPE AUTOMATED BONDS SUBFIGURE
200 - 204 DEVICES — CHIP CARRIER SUBFIGURE
205 - 214 DRAWING FORMAT SUBFIGURE
[ 215 - 224 CONFIGURATION CONTROL FORMAT TEXT
o) 225 - END DRAWING IDENTIFICATION DATA TEXT
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IPAD software developements are being directed at:
e executive software
e data management software
e geometry & graphics utility software

A relational database management system ( Refer to figure 14 )
uses a series of 'key' accessed files to track and retrieve information.
The success to this type of system lies in the querying structure. This
method is easier to comprehend, easier to code but it creates an excess of
duplication in the database and consistency problems may occur.

A codasyl database management system ( Refer to figure 15 ) uses
pointers at the end of each information location to direct the system
to the next data point. This type of system is difficult to code, is
difficult for a non-technical user to comprehend, but is computationally
faster and reduces data duplication.

IPIP is the IPAD Information Processor. This is an N-level data
architecture which uses logical, internal, and mapping schemas. IPIP will
permit database access from either a navigational data manipulation ( a
codasyl based system ) or a relational data manipulation ( a relational
based system ). Further information on IPIP is available under NASA
contract NAS1-14700, technical plan D6-I1PAD-70002-P, subtask Dé-IPAD-

70038-D, "Manufacturing Data Management Requirements", Boeing Commercial

Airplane Company, Seattle, Washington,
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' FIGURE 15.

ILLUSTRATIVE CODASYL
DATABASE MANAGEMENT SYSTEM
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- CURRENT/PLANNED MAN TECH PROJECTS -
A review of current and planned Army, Navy, and Air Force
manufacturing methods and technology projects for hybrid circuits has been

undertaken. A list of these projects with a cross-reference to the HICADAM

[P N RPN PR IR

architecture is attached as figure 16. As the MAN TECH programs are under

a continuous revision process the timeliness of this list should be verified

prior to its use. Where possible the listed projects include the project
number, or the contract number, the responsible agency, and the estimated
year for funding.

¢ A description of each project is beyond the scope of this report, i
Numerous sources of information on these projects exist. The most current
description of these MAN TECH projects exists in the following reference:

“Overview of Current and Planned Army, Navy, and Air Force MMT

e aSRAL

Contracts for Hybrid Circuit Technology", Charles E. McBurney,

Manufacturing Technology Division, Industrial Base Engineering

Activity, Rock lsland, I1linois. i
[ This paper will be presented at the Proceedings of the International 1
t Society for Hybrid Microelectronics which takes place on October 12 through %
14, 1981. ‘

g

Hughes Aircraft is currently working on several MAN TECH brojects

e

in support of a new missile system. Information on these projects will be

o

made available after a contract award occurs.

oy
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FIGURE 16. B
HYBRID MAN TECH PROJECTS A
::::‘ NODE TITLE :&:n;ic" YEAR :5::: MAN TECH TITLE )
B
0-0 | DESIGN & MANUFACTURE 3-80-1071 1980 |ARMY |HYBRID INTEGR/TED COMFUTEF AIDED DESIGN & MANUFACTURING
-0 WYBRIDS 3-81-1071 1981 |ARMY |HYBRID INTEGRATED COMPUTER AIDED DESIGN & MANUFACTURING
18-E-572-1X0B6101 | 1981 |USAF |MT FOR ELECTRONICS CAD/CAM ( ECAM ) ]
31-82-1075 1982 [ARMY |ELECTRONICS COMPUTER AIDED MANUFACTURING ! FCAM ) )
18-E-572-1X086101 1983 |USAF |NT FOR ELECTRONICS CAD/CAM ( ECAM
s OBTAIN MATERIALS 3-81-1000 1981 |4RMY [ELECTRICAL SCREENING AND TEST OF CHIPS _]
3-82-1091 1982 |ARMY |ELIMINATION OF PRECIOUS METALS IN MiCROCIRCUTTS ol
3-81-1059 1981 {ARMY [ELECTRICAL VERIFICATION & BURN-IN OF HYBRID CHIPS
M633 | DO SUBSTRATE DNA-81016 1981 |NAVY [AUTOMATIC MICROSTRIP CIRCUIT BOARD FABRICATION :
FABRICATION DNE-00137 1981 |NAVY |MICROWAVE STRIPLINE CIRCUITRY PROCESSES
1-82-1092 1982 |ARMY |AUTOMATIC TESTING OF SUBSTRATES
M6311 | PERFORM THIN F1Ln DONA-00675 1979 |NAVY |H1GH OMMS PER SQUARE THIN FILM RESISTORS K
F-81-9835 1981 |ARMY |INTEGRATED THIN FILM TRANSISTOR DISPLAY o
F-82-9835 1982 [ARMY |INTEGRATED THIN FILM TRANSISTOR DISPLAY »
DNA-00674 1982 |NAVY |MULTIPLE SHEET RESISTANCE THIN FILMS 1
DNA-006XX 1982 [NAVY |MICROBRIDGE CROSSOVERS FOR THIN FILM HYBRIDS 3
DNA-0062Z 1983 [|NAVY |MONOMER F1LMS FOR THIN FILM HYBRIDS ]
DNE-034YY 1983 |NAVY [EXTRA HIGH FREQUENCY IC's ( THIN & THICK FILM CIRCUITRY ) 1
M6332 | PERFORM TMICK FILM 1-79-3146 1979 |aRMY [HIGH DENSITY MULTILAYER THICK FILM HYBRID MICROCIRCUITS ’;
DNA-00053 1970 |NAVY |COMPUTERIZED THICK FILM PRINTER
3-80-3435 1980 |ARMY [SIMPLIFICATION OF HIGH POWER THICK FILM HYBRIDS N
H-81-9552 1981 |ARMY [THICK FILM CONDUCTIVE NETWORKS K
DNE-034YY 163 |NAVY |EXTRA HIGH FREQUENCY IC's ( THIN & THICK FILM CIRCUITRY ) -
M6341 |PLACE COMPONENTS 3-79-3219 1979 [ARMY |AUTOMATIC POLYMER ATTACHMENT PRODUCTION METHODS
3-80-3219 1980 [ARMY |AUTOMATIC POLYMER ATTACHMENT PRODUCTION METHODS 4
F33615-80-C-5051 [1980 |USAF |MT FOR SUBSTRATE ASSEMBLY WITH HERMETIC CHIP CARRIERS ol
3-81-1076 1981 |ARMY |PATTERN RECOGNITION OF COMPONENTS FOR HYBRIDS 1
] 3-82-1076 1982 |ARMY |PATTERN RECOGNITION OF COMPONENTS FOR HYBRIDS 3
Mb342 | INTERCONNECT DNS—-00681 1977 |NAVY |BUMPED TAPE AUTOMATIC BONDING
K F33615-77-C=5283 | 1977 |USAF [MT FOR WERMETIC CHIP CARRIER PACKAGING (HUGHES) B
' F33615-77-C-5158 | 1977 |USAF [MT FOR HERMETIC CHIP CARRIER PACKAGING (RCA) 1
F33615-78-C-5158 | 1978 |USAF |MT FOR HERMETIC CHIP CARRIER PACKAGING (T1)

‘ F33615-78-C-5147 | 1978 |USAF [MT FOR LOW COST CHIP CARRIERS
DNS-00712 1980 |NAVY |HERMETIC CHIP TAPE CARRIER
[ F-33615-80-C-5010| 1980 [USAF |MT FOR HI-RELIABILITY WIREBONDING IN HYBRIN CIRCUITS
- 08-E-504-1B084130| 1981 |USAF |SUBSTRATE ASSEMBLY WITH HERMETIC CHIP CARRIERS
[ H-82-5005 1982 |ARMY |SEALED CHIP TAPE CARRIER FOR HYBRIDS
M635 |DO HYBRID PACKAGING F33615-80-C-XXXXX| 1980 |USAF |HIGH SPEED DIGITAL PROCESSOR PACKAGING TECHNIQUES
‘ 11-E-503-1A084260] 1981 [USAF |HIGH SPEED DIGITAL PROCESSOR PACKAGING TECHNIQUES
< 11-E~-503-1A084260| 1983 |USAF [HIGH SPEEN DIGITAL PROCESSOR PACKAGING TECHNIQUES
:' 28-E-583-2A08XxXX{ 1982 |USAF |HIGH RELIABILITY PACKAGING
. 28-E-583-2A082222| 1983 [USAF [WIGH RELIABILITY PACKAGING
E: M6351 |PERFORM LEAD ATTACH DNA-00679 1977 |NAVY |AUTOMATED HYBRID LEAD ASSEMBLY
f 6352 JSEAL HERMETICALLY 3-82~1095 1982 |ARMY |AUTOMATIC SEALING OF HYBRIDS
: M6441 |PERFORM FAULT ISOLATION| 3-80-1023 1980 [ARMY [DIGITAL FAULT 1SOLATION F R HYBRIDS
' 6442 |PERFORM REWORK 3-79-3438 1979 |ARMY |DELIDDING PARALLEL SEAM SEALED WYBRID PACKAGES -
[ DNA-00253 1980 |NAVY [DELIDDING & RESEALING OF HYBRID MICROCIRCUITS
- OTHER 3-79-3410 1979 |ARMY |PRODUCTION METHODS FOR HEAT PIPES FOR HYBRIDS/LSI )
- 3-80-3436 1980 [ARMY [DEVELOPEMENT OF CERAMI” ' IRCUIT BOARDS A LARGE AREA HYBRIDS

} . 3-80-1024 1980 |ARMY |RF STRIPLINE HYBRID - OMPONENTS

' 3-80-7319 1980 [ARMY |DIGITALLY ADUESSABLE MU'.T1-LEGEND DISPLAY SWITCH
3-81-1066 1981 |ARMY [ADDITIVE SINGLE & MULTILAYER HYBRID CIRCUITRY
3-81-7319 1981 |ARMY [DIGITALLY ADDRESSABLE MULTI-LEGEND DISPLAY SWITCH

N62269-81-C-0067 | 1981 [NAVY |BROADBAND SOLID STATE HIGH POWER RF AMPLIFIERS
1-82-3081 1982 [(ARMY |RADAR MONOPULSE SEEKER USIN. P" & STRIPLINE TECHNIQUES
3-82-1066 1982 |ARMY ALDITIVE SINGLE & MULTILAYER H:8IRD CIRCUITRY

. 1-82-7319 1982 JARMY |DIGITALLY ADDRESSABLE MULTI-LEGEND DISPI Y SWITCH

} H-82-5)14 1982 |ARMY |MINI-LASER TRANSMITTER MODULE
3-83-102¢4 1983 |ARMY [RF STRIPLINE HYBRID COMPONENTS
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1. What 1s your
5 responses
3 responses

1 response

ROOOR XX

! response

Z. What 1is vour

1 response*
% responses¥

S responses¥®

Figure 17.

primary «d predust application ?
aerospacc
commupnication
computer
consumer
industrial
instrumentaticn, test equipment

cther, please specify :

primary i-volvement with hybrid circuits ?
semi.crductor products
productionr equipment for hybrid circuics
custum hvbrid desiga manufacture

general hybrid design manufacture to support end product

NRXK O

cther, please spedify

one firm responded to doing each thing

‘. Wwhat twvpe of svsIem Jo tou usce to cupport the design and marufa rure of
nvbrid cir ocits !

Coemputer Aided Des.en

Computer sided Ma:u:

riy-ni 3
rurnkey syvstem S5 responses

L 4 responses
h . . .
dedicated maintrame - - !
3 . } ;
3 ceneral ‘time sharing 3 responses B
mainframe

. & other, please speciiv : - 1 response (test’
[
4 -
- MANUAL 2 responses Toresp .rnies
b .
P
3

[ “. T vour TAM database grnerated from

S responses B @ released £AD database
[] A cseperaie C0M dgtaibas o tormulat o
5 responses E 1 WMot hase 1 nt penerated

° O ther, piease epeiin
3
s
L.
3
3 = .
b - . . .

o A - 3 e s ot J i G ad. 2, - P
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! Figure 18. ;
S
\ 8
- :
£( i
{f veu have a computer system to support the desiun of hybrid rouits J
please check the capabilities which vou use & the system where thev reside.
| ] ' Cab. UaM § CAD/ O general TS
capanitiity . . yther
] turnkey (maintramne main!ram .
A L-ravv opirtis (drawing svmbois) 5 2 0 » ( 4J_ ;
" librarv parts ( Jomponent specs.) 5 1 0 ? 1 : j
- - | !
partitioning algorithm 0 5 0 1 H i
‘f comporent placement algorithm 0 1 2 i 1 !
C » - |
routilng algorithm 1 2 1 i 1 !
, T T 4
{ e Jult silimuiation 1 0 ; g f :
{ thermal analvsis J , ! :
» e Yels N 1 { A : 1 | )
p )
borest Qera R ior ‘ ' : !
r te proaram generation 1 0 i | 3 |
L [ ] Lforfiguratzon control 1 1 2 1 !
1
!nrher, plcase specify :Artwork & 3 0 0 Q %
L Design Rules Check AJ
’-.
. NO RESPONSE : 2
C
3 <
[
#loase check the appropriate box iar the following data.
[ * ? alesrithm internallv developed commercially avail. cthe: i
| S—
f ; picriticoing . o) 1
3 ’ :
b | compenert placement 4 1 1 ! ]
b —
; rcurirg 3 2 1
| J " : [P :
[—‘ ~ircult simu.ation 2 6 1 i \
i ]
[ Slvcnin aniltvsis 3 A : % 1
tesn grogram zeneraticn 3 1 - :
i L
- ;ther, please specify ¢ 1 2
& y {
I
F NO RESPONSE : 2 )
L
@ numbers inside the boxes represent the respondents ttoecal) who answered
3
» that question or checked a box
r
b
" -
. . ’ ]
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Figure 19,
Lvate rat: tne percentage ot cotal deeviun time dedicated to each task.
- capability " oss than
a ; . . - .
P - 20% 407 ] oi R e ag o
‘ —+
-¢nematic generation 7 3 QO U ! 0 O o ‘ ‘
X - _ :
\ paritioning f 0 R) 0 o . o
- -
component placement 5 1 2 0 o ¢ a '
-
routing 3 3 0 0 0 ‘ ] .
el
, Tist program gensraticn = 1 o 0 c . 3 »
¢ .cnfiguraticn control -
7 0 0O o] 0 I r .
other, please specify 4 0 0 0 9 ‘. 0
: T
! J
‘ p
?lease rate the effectiveness of thasc capabilities as to degrec ! rask
s.icomplishad avromatically. ;
)
' |
{J Sy s =less than = i
capabilicy
“apability 20 407 60" U 907, - N ]
schematic generaticon 0 0 1 1 1 1 0 !
i i
s . i
o pdartitioning i 0 0 1 0 , G ]
somponent placement 2 0 3 Q) 0 0 9!
. |
routing 1 0 0 1 2 = i A
. test program generation 1 2 0 0 0 E
- ~onfiguration control 2 0 o] 1 0 0 . .
.ther, please specify : 0 0 0 0 1 ‘ > ,1
, B
X0 RESPONSE : 4 K
: . : . st e )
<. Please rate the percentage of Jdesign time per task reguired to marua’iv ]
1
1\ . complete the task. !i
o less than
capability 2w 407, 607 go eac . <o }
- . schematic generation 7 1 0 0 o ; -
‘ partitioning 5 0 0 0 0 It 2 - ;
~omponent placement 5 1 1 1 9 | 5 3
routing 7 0 0 1 0 0 2
test program generation 2 2 3 %) 0 O 1 :
- ; 1
configuration control 5 Q 1 o o A 1
¢ : .
: other, pleace specify : 4 0 Q 0 o O ‘\
_.' ,
K
K

num~er: inside the boxes represent the total hboxes che ken by tre respone
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Figure 20.

are inside the bhoxes-

Please rank the followin, processcs for cost centribution frop 1 to

with process #1 having the greatest cost contriburion.

equipment material process
photolithography 3,6.5 4,2,6 1,11,10,7
iddirive Zircuit delineation 4,7 4,1 7,12
ssbtraztive circuit delineation S,11,7 3,5 8,1G,4,8
screen printing 2,7,6,6,6 1,2 6,7,5,5
laser trimming 1.1,2.7 8 5.9.8.11
Jevice attachment(TAB,BTAB,CC,etc] 2,8,8,4,2 | 3,8,3 5,4,6,3,4
zirebonding ,9.4,3,4,3] 1,5,4 6,3,5,2,3
wirepulling 2,11,9,5 1,7,10 3,12,3,7,10
inspection 5,10,10,8,144// 1,6,12 |5,9,2,9,9,2
functicnal testing 6,2,2,1,1 1,10.7 7,2.4.1.,2
tault isolation k‘3'3’1,3.5 2.11.9 PETREE
material handling 12,12,12 2,9,11 10,10,8,5,6

Please rank the following factors tor possible technological advancemert

from manufacturing technology developements with ! being the most promisiny

and 12 being the least promising.

equipment material process
photolithography 6,12,7,12 l4,5,2 4,12,4
additive circuit delineaticn 7,11,5,11 15,2,3 6.11,1

p ? b b

subtractive circuit delineation 8,9,6,10 6.6 4 10.10.10
screen printing 6,5,10,4,4,4// 3,1,1,112,3,8,5
laser trimming 12,8,12,7 7,8 5,9,12 R

t —
device attachment(TAB,BTAB,CC,etch2,3,4,1,1 8,3,3 4,11,3,3 i
wirebonding 10,4,5,2,2,4,5//6,2,4,5 | 8,7,4,2
wirepulling »12,6,11,8 12,9 5,12,6,11
1nspection 8,9,2,3,1,342// 11,11,12//6,1,2,9
functional testing 6,1,7,9,1,9 1,9,7 5.2,7.h
fault isolation 10.1,1,10, . //11,10,10] 4,9,1.7
material handling 11.3.8.6  8.8.11 1.8.5.8

4"
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/
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o

X

T

.

Lo "=uA

. _A.L‘.L‘A_‘L P

N PPy 4

b .

PG S )




— Ty T = —T T - T T
Fiaqure 21.
dat. entry format response averagze number of

AP

T T
:

Dleaw

with process #1 having the greatest

riuk the followin, processes tor

cust

TR e

contr bhutie. fren Loto Ll

Cost contrisuticn.

equipment Material pYC'vii_J
{photolithography hLETOY) LLO0UY)Y S
ézddit;- ~ircuit deiineation 5,300 2.0 o
z cmervaccine lircuit deiineaticn 7.67(3" 4.00(2) SR i
scTeen printing 5.4005) 1.50(2) 5.750 -
Saser TrTimming 2.7504) 8.00(1) ] A.25-
device attachment(TAB,BTAB,CC,etc ] 4.80(3) 4,67(3) , 4,.4005)
wirebending 4.33(6) 3.33(3)  § 3.80(5.
i
wirepulling 6.75(4) 6.00(3) | 7.00(5)
inspevtion L £.00(6) 6.33(3) T 6.00(6"
turctional te2sting 2.40(5) f.00(1) I 1,203,
jfault isoiation . 5.8005) 7.33(3) 3 EG(3
material handling o0t | 7033 | w.00(c,

‘reom o maunutaturing technology developements with 1 Leing the mest promising

lease vauk the follawing fac

and 12 beins the least promising.

rars tor possible techucliopical advancemert

9]

a L.AA.A!A.L .

bt

A
(] equipment material procoss .1
{ photolithegraphy 9.25(4) 3.67(3) 6.47(3) 1
1
- additive «ircuit delineatics 8.50(4) 33(3) 6.0007% 1
subtractive circuit delineation §.25(4) 5.33(3) 10,600 1) J
s.reen printing 5,50(6) 1.50( ) 4.500L Y
; . het
8 taser trimming 7.25(4) 7.5002) g.e7(y ! R
deviie atrtachment! TAB,BTAS,CC encp) 2.20(5) L.t703) D.250L .
rebondin T — .
wirebeadine L L. 20(T) L.25¢ . 5,23 X
wirepui:ing 2.80(5) 10.3002) B.500 | ®
finspection 1.29(7) 11.7303) L 0003 )
{fuvcti ral teating 3.1h15) RS 5L 004
t )
}Vl’dult isolation 7 Tk .33 5,0%¢ %)
| r -
jrater: al harndling 5. 40(5) Y <800
®
e
¢
!
1
-
®
}
L - s e
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Figure 22.
MANUAL RESPONSES ONLY ! y
- 12. Pleane denote the degrce of autumation usea for Che toliowina procens. .
( M - manua S sem. ~Automautic: A aul matic:
-
. load, o proces: ! ) 1
monitoring ) positioning inspect HETEN
N unload N contral 1 :
- - —— g !
pretoresist application ; N ! , i . |
. - - . hd J -—_ 3
r photeresist oxposure . N N . i R 1 . 4*
L 0 2 = I > § -
e i photoresist develop. ; i : 1
, { 1 3 3 3 { 3 o .
—
» ¥ j ] !
v j ~d.uaum svstem= vapcr - 1 1 - | 1 _ i
. +
. I . udum SvsSLem- sputter ~ 2 1 _ ! X 1
S I - A - A
L ¢ ching »~vstem 3 , p j !
4 4 4 -
¢ : _ | N
o TSR PTINC LNy p
L ! : | o 4 3 7 [ C
¢ . . 1 -+
) . la-er trimmit . - \ , ‘ 1
13 i 1 2 - 1 ' = : -
4 e
' x _itinuitv gester ! , D 1 ;
i - & 2 1 \ -
b Rt
soattach N i
! e atrta 5 & 5 4 ‘: - i
. 6 S
, ~t —
ipe N wor2ing
| € - P _ 1 _ _ L : . B
! aanp tape autoe. bornding _ _ _ _ ! \ : -!
i L : FE—
. . K
{ wip carrier bonding 1 2 1 - ! 3 : - . 1
' | -
> b
P tvad bonding - 1 - 1 ; 1
5 ! * B -
c i wutor lead ! dny - - - - . : )
. , N
S , — —+
il -k - / 4 :
: X YO T i_ff‘)!' vh,p WiTe 3 -+ 2 1 i + ' -
U TR 3 5 5 3 f - 1[ ]
- 4 s ) f 4 A I3 I' - )
. } —
. ! PR BeRtl 3 S 2 o ]]
. — — e
; | . s ; ! .
= 1na it 4 # } } ‘ > .
b 3-~ | o
‘ Lt . a4t ioan-—and.ag ,L . 8 . “ / .
L ( cit R E TRt 2 2 2 2 } N
> i - H _
b ' 1 e 2 3 7 4 3 : !
-9 1
Cemoerature ue Lo ! £ 2 1 :
‘ : 2 ! ! R
L _
:‘ ; R ake ) 3 =
b } ———— e - - ——————
f : Troin et | K 3 ! ‘ ‘ !
}. ‘r 1 A —
i Lovrhers plea cpec ity - - - - - -
[ | L _

———— o v Ty T T
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Figure 23.
SEMI-AUTUMATIC RESPONSES ONLY !
12, Please denote the degree of automation uscd for totlowing ,Tocesses.
M . manual: S = semi-automatic: A = au it
monirorin load/ itioni provess {
toring ositioning . nspec et

&1 unload |P " centro. spect L !
photoresist application . ) i

2 - - i 4 - -~ i

Jmotoresisl explsure ) B . ? ‘ ~ 1
TTOTOTEELEl duvVeilnp. : . i .
! - = = i i = —

T 1

LALUUM SVSLAM= Vapor - { 1 _ _ E ) | !

T : T
Lavuuin 3vstem- sputter 1 - 1 1 ! 1 1
ctching system | K

- - - - - i -
acreen printin - . H

creen p g ! | 4 2 - a b f
1. : ; j 1 ] i
laser trimming . ! k

. 1 1 1 : ! 1 .
continuity tester T ) !
die attach {

L 2 2 1 ! - !

tape aute. bonding - _ _ __ . _ | B

"ump tape autc. bonding _ - - _ _ _

“ip carrier bonding 2 - 1 1 ! _ 1
x

i ner lead honding 1 1 1 1 - -

suter lead honding 1 1 | 1 1 | - P i
H
R H 1 T

~ sehcad-for chip/wire 1 ! 1 ' - 2 i 1 :

' ! - ‘
cireputl 2 2 2 3 | 1 1 ‘
1iEpecr ion - - 1 - - - .
~caling 4 2 4 3 2 i
functicnal test - : - - 1 ] 2 -

Y s *
cault isclaticon-analog - - - - 1 2 :
Soalr Gaoiard oa=dlgital - - - - - : .

T T
i,ak tests ! | - 1 ! : '

1 ‘

Pemperature Cve be ' 2 { - -

wtabtlization bake 1 : - - ! - _

hurn—in test 3 ; _ _ : : ~ : :
- ' - { | |

e | ; i ;

cther, please <pecity: { - : - l - ‘ - - - :
2 u ' ———— -

|

i

J

|

L ]
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Figure 24,

AUTOMATIC RESPONSES ONLY !

12. Please denote the degree of automation used tor the following processe-.
M = manual: S = semi-automatic; A - automatic:
1
4
monitorin tead/ ositionii process i ct tese ]
> 8 N nspe tes

& unload P b controi P 1
;

photoresist application | A - ~ i

shotcresist exposure

- 1 1 ! - -

shoteresist develop.

,_,
—
—
—

|
»
]

) :
vacuum system— vapor :

—
|
—
P
|
|
PP

v4cuum system- sputter 1 1 1 2 ‘ - -

etching system

t |
1

|
— }
o
[
Y. N4

ioreen printing

3
Laser trimming 4 ) 6 4 . .
3

.ontinuity tester

fie attach

tape auto. bonding

]
t
1
[}
————n »~ﬁ - A—+> [N
]
OV 7Y

1 ) 2 1 - i

Jump tape auto. bonding 1 1 1 1 _ .

hip carrier bonding _ 1 N 9 _ | _
inner lead bonding - _ 2 _ _ i _ N
outer lead hunding _ - 1 _ _ _ | %
wirebond-for chip/wire 2 2 6 4 - _ i ’

. wirepull

inspection :

sealing - - 1 1 - - i ﬁ

Il
1 ‘unctional test 2 1 2 1 1 ﬁ 1
p . . ‘
! st fe<slation-analog - - - - - [ )
3 ‘ . . i V
. raitt isolativn-digital - - - - - !
* 1
¢ teak tests 1 - - 2 1 2 | !
- ’ {
Temperature cycle 2 - 3 4 1 4
- £
- -tabilization bake - . 1 2 - { ! z
o b “
burn-in test 1 - 1 2 - '

‘ other, please specify: - - - - : - - ]
S L -1
- !
g |
b i
3 \

!
1
i

‘ v
p .
| <
4 Al
4 v
b Kl
- \

’

¢ K
.

= {
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Figure 25,

How is the following data compiled/generated 7 Check the appropriate hox.

CAD/CAM CAD/CAM peneral/TS

turnkey mainframe wainframe other
vendor die topography 2 1 1 A
production planning 1 1 A 1
programs tor laser trimming 2 1 - 3
Iprograms for device attach. 2 - 2 2
programs for wirebonding 1 - 2 -
configuration control 1 -1 1 3
other, please specify : - - - -

4

. How is this data transfered between systems ?

Check th:- apprupriate box.

on line off line MANUAL
vendor die tcpography - 4 1
production planning 2 2 1
programs f{or laser trimming _ 3 1
programs for device attach. - 3 1
programs tor wirebonding _ 2 1
configuratian control _ 3 1
other, please specify _ - -
S
NO RESPONSE : 3
V. 3r. ¢ + dec<cribe a pr-otlem whose solution would be ~f cignificant henefr

.r the areas ot hybrid design and manufacture.

1. team work between divisions
2. automated inspection
3. automated parts identitication

“. standardize to chip carriers

6. replacement for .oid metaiiza:

NO RESPONSE : =+

7. eliminate wirennn!ling

8. higher vaiue thin film resist

"

€ .

CEd

better temperature coefficient-

5. develop solid encapsulation to avoid hermetic sealing

. Weuld vou like to see the results of this survey” yes no

Wwould wou cunsider discussing this survev over the phone? ves no

1t the answer is yes please include vour name and phowne number,

.
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- SURVEY SUMMARY -

The response to the industry survey was very limited. forty
questionaires were mailed out. Ten responses were received back The
compiiation of the ten responses is detailed in figures 17 throuch 25.

The compiled data is not statistically significant. The identified

problems from question 15 were addressed in the Future MAN TECH area of

this report if they were of significant depth. The lack of response to

the survey may be attributed to industry disinterest, a natural desire not
to disclose a percieved competitive advantage, and the length of the

survey itself. The Proceedings of the Fourth MTAG Hybrid Workshop-Conference
indicates that only 24% of the attendents viewed HICADAM as a high priority

MAN TECH project, which supports the lack of response to the survey.
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-FUTURE MAN TECH AREAS -
A roadmap for future MAN TECH efforts is presented. The candidate
tasks identified are directed towards the cost effective advancement of an
integrated and automated hybrid microelectronics manufacturing facility.

Each task represents an integral building block in achieving the automated

e Ve

factory yet does not have any current or planned MAN TECH expenditures.
The majority of these tasks are directed at integration aspects for interfacing
the design and manufacture of hybrids.

The tasks were identified as follows. An overview of current

A

design and manufacturing activities was developed. Problem areas were

identified through this overview, through an industry survey (which may not be

el bt

statistically significant), and through discussions with design and manufacturing
personnel. These areas were compared with a compilation of future and ongoing
MAN TECH projects. The candidate tasks were selected where no funding was

planned for an identified problem. (refer to fiaure 36 for compilation)

WORPIORP= =PI

Current and planned MAN TECH projects are directed at materials

and equipment advancements or at specific end item technologies. These

factory. The current and planned funding programs will not lead to the

expenditures will reduce production costs and lead towards an automated
viable integration of this automated factory. While the automation of the

specific processes is sought the ability for these automated machines to

communicate with each other and with other computers is not assured.

The proposed roadmap has two added thrusts. First, the integration

aa

of the CAD database and the CAM database is pursued. Second, the ability

for inter-machine/computer communication is pursued. Integration is not as

glamorous as automation but its lack can eliminate the synergy of automation.
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Hybrid Microelectronics Database Specifications

The hybrid database specification is the framework for establishing
a CAM database during the design phase in the 1ife cycle of a hybrid. This
database structure can be viewed as being empty at the start of the design
process. As the hybrid is designed this structure becomes populated with
information (electrical, physical, and logical) about the hybrid. The
structure, when fully populated, contains the information required to support
automated production facilities and the information is filed to provide
the efficiency required for real time applications.

The first step is to map the data needs, both common and unique,
required by specific manufacturing processes and support functions. This
mapping specifies data content, where this data is required, and where this
data is generated. This analysis aids in defining input and output require-
ments.

The database structure can then be established. This structure
must permit the efficient filing of common and unique data. The type of
structure (hierarchical, network, or relational), the field lengths, and
data formats must be selected. The files should be organized around IGES
(interim graphics exchange specifications) formats.

Finally, the documentation for this database specification must
Se developed. This documentation should contain sufficient written and
pictorial information so that the end user can understand the database structure
and its applications.

Future MAN TECH projects would be approached so that this database
specification could be used to support the automation of manufacturin§
processes. This will ensure that automated equipment can interrogate the

same database and will ensure the transportabiiity of automated processes.
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e FIGURE 26.
7 ¢ HYBRID DATABASE SPECIFICATIONS

h . common data reqts. _AL ﬂ

unique data reqts. | &

r-a database structure ‘.__—‘

{ trial run/debug

|

final report

months

Estimated Budget

1aboTreeessneees 367,200

computer time.. 22,500

travel.eceseeees 3,300
®
- total costs....$93,000
* one man year
a . y
¢ # 150 hours (not CPU time, bid rate at $150/hr)
£
3
|
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[
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Component Placement and Routing Algorithm

As circuit densities increase placement and routing algorithms
become very important. They become important from a design efficiency and
from a producibility standpoint. Current component placement and routing
algorithms are either modified printed wiring board or modified intearated
circuit algorithms. These are altered, albeit suboptimally, to consider
such factors as maximum flywire lengths, edge connections, vias which do not
traverse completely through the substrate, and other important physical
characteristics of a hybrid. As routing algorithms operate more efficiently
when used with a specific placement algorithm they should be developed
simultaneously.

This candidate task will establish a routing algorithm, in tandem
with a placement algorithm, which specifically addresses hybrid circuits.
It must consider parameters such as those mentioned above as well as cross-
overs, components that are designed into the circuit layers, and multi-layer
hybrids. These algorithms must deliver a database which is complete and
consistent enough to support automated manufacturing, inspection, and test

equipment. These algorithms must also be compatible with several types of

computer support systems.
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FIGURE 27.
COMPONENT PLACEMENT AND ROUTING ALCORITHMS

placement

*‘F

path -
allocation

actual
routing
heuristics
applications

o
packaging -

final -~
report
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2 4 6 8 10 12 14 16 18

months

Estimated Budget :
labor..........$560,000
140,000
5,000

computer time..

travel..ooveene

total cost.....$565,000

initial placement... 2 man years
path allocation..... 1/2 man year
actual routing...... 1 1/2 man years
heuristic applications ... 2 man years

packaging...«.e.ee.. 2 man years
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Physical Communications Interfaces

The purpose of this candidate task is to develop the specifications
required for communications within an integrated manufacturing environment.
This communication would occur between the digital engineering systems, the
manufacturing information systems, and the specific computer aided manufact-
uring processes.

Several entities would be addressed. First, the data needs for
each specific manufacturing operation must be defined (as per the database
specification). Then these data needs must be melded into a generic logical
flow of information. Protocol aspects must then be addressed. Protocol is
the formal data transfer specifications (examples are RS232, RS449, IEEEA8R,
BISYNC, X2.5, etc.). Parameters such as physical distance, serial or parallel
transmission, noise and interference tradeoffs, the desired rate of data
transmittal, error checking algorithms, and costs need to be defined.

The output from this project would be twofold. First, a generic
logical information flow for computer aided hybrid manufacturing will be
defined. Secondly, a suitable protocol will be established. This will
ensure that future MAN TECH efforts are transportable and can be integrated

into an automated factory in a timely and cost effective manner.
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FIGURE 28.
PHYSICAL COMMUNICATION INTERFACES

data requirements _*; A

logic flow charts —— 4 ‘

protocol selection

final report

B 2 2 e oo e e 0 g e g r-.-:vw

months

Estimated Budget
labor.......%$67,200

travel...... 2,800

total cost..$70,000
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Automatic Parts Identification

Automated substrate and module identification are important and
necessary requirements if the high mix-Tow volume hybrid manufacturing
facilities are to become significantly automated. The automation of the
identification activity will accomplish several objectives. It will allow
the automatic download of process control software to the specific manufact-
uring, inspection, or test work station. It will ensure a real time update
of the associated MIS systems, such as production control and part history
tracking. It will eliminate operator induced errors from manually entering
jdentification data. It will serve as an integral subset of a closed loop,
self checking automated material handling system.

Characteristics of an automated parts identification system are
to include :

o compatibility between substrate and module identification

e compatibility with the manufacturing processes for hybrids

e useable by work stations and material handling equipment

o versatile communications interface with host computing systems

The automation of parts identification is an important building

block in support of an automated factory. It will reduce indirect labor

costs, eliminate operator error, and can be used in monitoring and controlling

an automated material handling system.
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FIGURE 29.
AUTOMATIC PARTS IDENTIFICATION SYSTEM

review

state-of-art P A
a1ssess

requirements

preliminary _| ‘ ‘

design

detai:ed

desian 7 k

final design/
prototype

tinal report

CARCN A S S

T 17 T 17T 1T T 7
6 7 8
months
Estimated Budget*:

lTabor.......%$140,000
travel...... 10,000

total cost..$150,000

* prototype equipment costs not included
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Automated Material Handling System

Automation of material handling activities in hybrid circuit
manufacturing is one of the major milestones in achieving an automated
factory. An undertaking in this area should be an integrated, multi-
facted effort. Specific activities to be addressed are :

e material handling between work stations

¢ material handling between work station and the material handler

e material handling at each specific work station

The first milestone will be to develop a substrate/module carrier
system. This system must offer protection to work-in-process items, must be
compatible with all work stations, must be impervious to damage from the
hybrid manufacturing processes, and must interface with the automatic parts
identification systems.

Once the carrier system has been designed a two-pronged effort can
be undertaken to integrate the carrier system with an automated transfer
system for movement between work stations and to integrate the carrier with
material handling requirements at each specific work station. This integra-
tion effort will ensure the transportability of the automated material
handling system. Future MAN TECH equipment advancements would be designed

around the use of the carrier system.
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FIGURE 30.

AUTOMATED MATERIAL HANDLING SYSTEM
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months

Estimated Budget
labor.......5168,000

travelo..v.. 4,000

phase 1 cost........$172,000
labor.......%44,800

travel...... 1,200

phase 2 cost........$46,000
labore......$56,000

travel...... 2,000

phase 3 cost........358,000

total project cost.........%$276,000

*prototype equipment not included
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. Automated Substrate Inspection

The current practice of manually inspecting the substrates for )
hybrids is very operator dependent for success. The operator must track

the substrate movement, and make a subjectjve Jjudgement as to pass/fail

NS, J

conditions. As circuit densities increase and multi-layer hybrids become

L

more common this manual process will not adequately perform its task.

This candidate task would automate this process. The substrate
would be mounted on an XY table which is programmable. As the substrate
is cycled through an automatic sequence of movements an optical measurement
system would compare the actual topography with the topography of a digitized
database. This comparison would result in a pass or fail decision which
would be printed out with the XY coordinate of the discrepant area.
This project would increase the uniformity and consistency of )
the substrate inspection process. Automation would also decrease the time
spent undergoing an inspection. The equipment should be made compatible

with future automation projects which address the screen printing process.
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FIGURE 31.

AUTOMATIC <UBSTRATE INSPECTION

develop XY table
Jevelop optical
mess.rement system

develop conluctor
inspection

develop dielectric &
via inspections

develop resistor
inspection

develop integrated
system

final report

EhE
.

T 17 1T 1

months

Estimated Budget™:
labor.......$210,000
travel...ce 5,000

total cost..$215,000

*prototype equipment costs are not included
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Microbridge Production Technology

The traditional bonding of goid wire or ribbon via thermocompres-
sion or ulrasonic techniques does not compliment the fine line spacings
offered by the use of thin film fabrication technologies. This type o+
interconnection technology does not adequately support the advent of very
high speed hybrid circuits.

The purpose of this future MAN TECH project is to develop and
demonstrate the microbridge technology applications as an interconnection
technique on thin film substrates in a mass production environment.
(reference to the unbudgeted Navy project DNA-006XX) Microbridges are thin
film plated crossovers. They may be fabricated as below:

1) create the interconnection bridge structure

2) plate the bridge structure with a conductive material

3) remove the bridge structure, leaving the conductor bridge
This process will be more complex to control but will utilize the equipment
available for additive thin film processing.

The additional costs and complexities of microbridge technologies
are outweighed by the advantages it offers. These include:

e batch processing as opposed to bonding one wire at a time
® the process will result in very uniform interconnections

¢ the interconnection fabrication will be more consistent

o total costs will be reduced

e enable the interconnection of very fine thin film lines
e provides better and more controllable interconnection

techniques to support very high speed hybrids.
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;c MICROBRIDGE PRODUCTION TFCHNOLOGY

. select . '
E : bri“ze mat'l.

- el e ‘ ‘
. c.-nductor mat']

o sclect - . '

3 etch process

develop & © A
air:ﬂ

integrate

bridge process
prototype —
precess demo.

tinal report _|

months

Estimated Budget*:
labor.......$140,000
travel...... 3,000

materials... 25,000

total cost.. $168,000

*prototype equipment costs are not included
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Thick Film Ink Characterization for IR Furnaces

The purpose of this candidate task is to analyze, characterize,

and, if necessary, develop thick film inks to be used in conjunction with

IR furnaces. The development of thick film inks which are compatible witn

the IR firing environment will result in a production process which has:

e a faster throughput rate

® lower equipment costs

e reduced floor space requirements

e reduced power consumptions

Thick film inks from various manufacturers will be screened at
different levels of thicknesses and then subjected to a 1,000 hour test.
The results will then be tabulated and analyzed. The strengths and weak-
nesses of currently available inks will be assessed. Compatible inks and
their applications will be presented. The development of thick film inks,

or recommendations for ink improvements,will be conducted as required.
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- FIGURE 33.

o THICK FILM INK CHARACTERISTICS
{y

select
equipment

select inks -] &—A

test inks  _J ‘ i , !

dov 2
[ dovelop C ‘L .
rest new inks

" final report_] a
&
| T T T 1 11T 1 T
0 1 Z 3 4 5 6 7 8 9 10 11 12
months

Estimated Budget
labores.....%$140,000

materials... 60,000

Y

traveleseee. 4,000

total costs.$204,000
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Semi-Automatic Die Probe System for Prescreening Tests

The final cost of a hybrid circuit is greatly influenced by

the manufacturing expenses incurred in producing it. Rework caused by

the failure of inadequately pre-tested die can be a major cost contributing
factor. The purpose of this future MAN TECH project is to develop a semi-
automated probe test system for prescreening die. #
This system would incorporate several modifications to a manual A
probe test station. These modifications include: :

® automatic pick and place mechanisms

. automatic XY table system d

e optical alignment system

® CAD database interfaces 3
e (AT database interfaces
® test equipment and data recording equipment integration
This automated system would test die directly from waffle packs. i
As such this system would have maximum transportability among manufacturers. i
The ability to prescreen die via probing at elevated temperatures will ;
insure the maximum benefits from automating the assembly processes for :
hvbrid microelectronics. i

R T A S L. S Y O S U Ui, 3




;-
:
S50
p, Tt
-
r
f

:

v

Lol N

"'1‘ ...

start date _’

T® TR T T T T TR TV TR T TR T T, gL, LR R W LAY e Y Ly Nl e

FIGURE 34.
SEMI-AUTOMATIC PROBE TEST SYSTEM

1’nteg;‘ate XY tab’la+__‘
% pick/place equip.

integrate optical — &——4A
system
integrate CAD - &—A
database
jntegrate CAT - h———4A
data & equipment
integrate system . h———4
& debug
prototype demon. A
final report - A
0 2 4 ! 8 ,0 jz ]4 16 158
months
Estimated Budget :
labor..... ..$212,000
travel...... 3,000

TN PN Y o

material.... 30,000

total cost..$245,000
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Automated Camera and Test Probe Configuration

Existing fault isolation methods typically involve manual probing
of the assembled substrate. The very delicate nature of the assembled
substrate, especially when chip and wire technology is used, and the smali
area available for probing make this process slow and expose the substrate
to increased chances of damage.

The output of this project would be an automated probe integrated
with a video camera machine. This machine would be driven with information
from several sources which are:

e the results of prior functional tests

® specific fault isolation programs

e geometric information derived from the engineering database
The camera would guide the probe and view the probed areas for evidence
of physical discrepancies.

The camera and probe would be mobile as opposed to moving the
substrate. This is required by the electrical needs of high speed or
electrically sensitive circuits.

This project would address the mechanical requirements and the
software integration aspects to support the mechanics rather than the

specific fault isolation software needed.
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FIGURE 35. ;
AUTOMATIC CAMERA AND TEST PROBE SYSTEM

FPPITSTE C

develop camera . .

develop probe ‘

develop prototype _| )

B .

final report

Estimated Budget¥®:
labor.......$100,800

cravel;..... 2,200

materials... 2,000

a3 total cost..$105,000

*prototype equipment costs are not included
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APPENDIX A
HICADAM ARCHITECTURE

A HICADAM System architecture is proposed. This architecture reflects
those generic functions, inputs, outputs, mechanisms, and controls ut:ized

in the design and manufacture of hybrid circuits. The interfaces of a

CAD/CAM system and an MIS system are reflected on the node tree diagram.
,‘ Hybrid design and manufacturing processes and interfaces are high-
+ lighted. The processes as depicted were presented to and critiqued by
other operating divisions of Hughes Aircraft and by the Hybrid Commodity
Group in support of the ECAM MAN TECH. (ECAM is Electronics Computer Aided
Manufacturing and is being conducted by Battelle Labs.) The ICAM IDEF,
modeling methodology was utilized in drafting the architecture.

The design activity has been decomposed into three genersic activities.
- These activities are technology selection, detailed design, and detailed
documentation.

Procurement of the necessary production resources is briefly illustrated.

!? A detailed analysis of these areas is available in the ICAM Composite View
E of Aerospace Manufacturing.

L The manufacturing function has been decomposed into six basic areas.

- These activities reflect the interfaces of quality, test, and the various

i produbtion ‘technologies (such as thin film, thick film,..., placement,

packaging, etc.). Specific illustrations of process flows are given in the

' main body of this report.




z .
n¥s a -
3 = - Anacvze o
. ;ns F— E!‘ REQUREMINTY @
. “dz F %
° ABSELS o]
i g'i ! CAPABLITIE @3
H
dz3 v
gueo ; 3 i L TIPS B z
4 &
§§§_.uu 2o 28z £25 ;E
- -4 ALY 2E — &=
23 HF—1 b4 g. - llAl(lle. o2 E.
52 §i3 | &
- ° o2 B
a LA % . Assésss o O | 98
3 z csis *5 <
S
w FINE e
’ Dooithc.r of -
T\lAHf,! L ]
wen
Q0 :
§32sE02 23 ot o2 e g
23 »3 ELECTAICALLY
” I B | 9 &
z o4 simg e 3 )
23 ilta el §28 g 3f
) caear - <
s o8 °
“rcs so g9
‘ PHOTUTYPL - .
BUILD
co 9 il el g
B S 1 . 1525
28 2 Wit o . &
392 =g bAamincs *8 Siavsiune o giE
o3z &z PreMyv ie
3 N Takane o (StmaTE
z agL '3 W €
ATA Bast Tl e
boott
s
or € |34
33E52 o5 ToN @ - 14
§§§E§.u_ pi1d Prdoutiion 8% i
@ Oy¢c 3
~ Oz w 3]
aa2 S ot ¢
R SRS H
EH 5 A
30 s
ors
%:Ei
oz £l
i T S i
& 232 PLANNING &2 a%3
. 33 sl of
2bp o 10
Zra Og Te AMinG s
2o atana
Z-2 sraoy
£I% e i
T
< et ot
RO T nOVIOf
e A ok
grzzo of are H
S & Ba PO i
&nz 5 Ll o :
. ¥ ,g R
c—
on m
b r03% FR0C %1 00 ok
adc PUOOAK T1OM e of
223 reaste T
E L-X] < 253 00 visuaL .!_ PROCURE OE —
E"i‘: = 3 wariciion ®% S
= 8 ' o i S
< ’ € .
PHYSICAL pa— NPECT @ =
: ) RUFIEHSE" o t iz )
e P
N €
09, £ TS @ &
. mea o MR s &
isecnion *8 i : =2
¢ (%)
153 E; o 8 <
L8 : (i &F w
E g & %
) 5 : m
3 i
D TR P 5 g
) w
00 me ,!_ -yt o!—-
Dhaies ® ] »
I : boo
sppssssascs [ cs . win o
2% ISIgy nZz st of e el S o
e N e MATE RS j
,UKE 35; Tilrmot s g T
a¢R -~ pod
DA H -
———ﬂlﬁ ALTE @
53 5w oE——Hminan o} =
25
Qa § O
- Udeimins #3 -
r—— po
Bk 3 P
'i" < 2 - ComntcT
P14 53 a‘ - m
fg aa . . SN o o B
&2 & wounr ord
. .
£ P on o f
e
FERORN s
Akt tacw
1 ol
LIRS yarema (f | foiose  of
3 i 4 PaZ . o8 — Atviin - @y PR IO R
g« 2% MEaME ALY Phac1s H
- &5 57 it
5 H
cn% I3 ba Vit <f <
C - e  emmp— “out
L a5 :_::me“ .é_ s owas oi [res E:
a"3 soman 3
5
< ‘o xovin gf =
vt of it LK o2
o ®F Tty
€ 3 o
2 Baapeme of
> - 1.2
b o] el
oS . — T £
x4 [~ ruam I £_)
£l 22 s 1 [EN e
%3 it ok ¥
; ‘ :
z v of
e of
r (113 PR 'g
- -3f
1z "
Bl
2%
e}
N PR e
- RS, DL UL, Y .
o
-




T

DAL A - B B e

Aadl Mad gl Saah- Gl Sl se ol

YT Y W v

a & 2 =2

....J‘ﬂ«li. T—— J.ﬂ. T .”
PR | 1 ( DD

&

- —— - 64/9 SO 914 910 e
— e ; v JoNUONd vV HoNdodd ¥ 40T3ATU v L
‘ CELIL I L 3411 ;300N =8
| .
. m
E
L
ﬁ L
| isAjeuy swo1sLS WyD/Av) ]
L
Isd1euy swalshg uor3onpoig : INIOdMIIA . A
| "
-9
I - 3onpoad 3
IBYT UT $OJu0IIDI[3010TwW PTiqAY IsSn 03 uoisioap 243l pue 3onpoad ]
| B ainjoejnuew 03 UOIS[I3p 3yl JO 3deJid3jul jeqo(8 B 3I091J31 Ol : ISOJANJ g
9
!
- p
i ‘4
| < SOT3S130] 1onpoad s[erisjew 5
-- e aonpoad < 3jqeansoad y
| 3onpoad e
p doyaaap )
| sainpaydg/siadpng ]
_ $3oe13U0) L

] sjuawaiinbay weidoay
.

|
| R
[ ] n~ouvonand 0L 6 8 £ 9 G ¥ € ¢ 1 'SILON .
IR [ TYE [T 1 ]
D SR =\ 4. B AJYH AN ITYIUY RWVAVHTH :193r0Yd R
14X3LNOD vo ¥30v3y ONDIHOM] X 18-%z-y ‘3LVO sy ueag ‘a0[1oN  HOHLNY 1v a3sn

4
A
A 2 o 2.9 v " Ak s A& A AR il -y Y IR 3 ol PN Py . TP S TETED W e BRI GT N wreara wawre N S Py Ao et A a _a -‘L




T ETUe VYY"

d

ca

Vo e

64/9 S 21910

R — 1Inaodd v o Anna0dd ® Jd013A73d 1-v
yagwanl — ERTITI ;300N
!
i
l
| $1030E) duiinine jhuew @
| si1030e) udrsop @
7 b do1d
} wain wet
| P so13s1dog waep sjuawaiinbaa o1 @
o fso13s 180 apiaoad 3onpoad
_ [4 13s130y elep s INpaYds B s510°png @
07K 3h1anyoeynuew ,
_ € SJIde1IU0d O 4
1onpoad 4
. 4
! Py painjoejnuen A,\ s{eriaiew ajqeindoad 11 S
10 mwuu:vc,.n paysiutj} 0-a 1
! -
L
! £t - 3onpoad 4
tirqronp ugisap 4
I -
. - ..-
— 1 ! r 9
\_ ﬁ jonpoad NS
| M ymuuoamu\mw>« 12311p o8eurw . x“
-
_ 1
-
_ 1
£0 [AS) (0] !
_ 4
e NOLLYOITEN oL 6 8 ¢ 9 6§ v € Z | 'SIION . X
7 |aaanavmodaul] 1
. | I h.&m\m&.a.. - A3Y SANa ey WYAVHOTH .1233r0M< oV 3
AAX3ILNOD 3Lva CELLEL) ONINYOM] ¥ 18-92-8  ILVG Y ubed CI9T1eN  YOHANY iV 033N
L
E v ! ® _ .. n» o o °® .A. . .. ® . ......A.
o o e m ka4 A a2 e - Y R : i 4 aa’a’sl _ iaoa s oA oma A . ittt Nl




6./9 S 91y 910

i T v T T . SHIMAR NOTSAC 0-a
HISWONL (341 ‘300N
1shjeuy swalsAg WYD/avo
1sAjeuy sw23sAg woriIdonpoad : INIOIMAIA
*sD>1U0a13DB[d01DTW pIaqAy Jo
udisop 9Yy3 ur 1ndd0 yorym SAIYSUOTIB[AX [BUOLIOUNT 3yl [1¥3IIP Of : 4S04dAd
oa
udisap priqhy s < sp13istad@3joeaeyd
- SPI. e
SPI2Qty 3oueuwxojaiad
u3yrsap .
s101%e4 3utanjioejnuey
sio3deq u3disaq
sjuawaixinbay weildoayg
A —_ —_|...NoiLvIIjand oL 6 8 £ 9 S v € & | SILION
a3aN3IWWO0I3Y 108 " ,
e B BANIIAITYIAY WVIAY!
) D & .;,._,.m_l<m0 AN iy —,?:<LH: :123r0Yd
“1X3LNOD 3iva ¥3av3y ONDIHOM|X 18-(2-L 3Lv0 o Iyueag CI0110N  HOHAAY 4V 0350)]

, e . ., e
s . P 4 ..... ‘ C L ' B
Al i . PP U WAy RS SO N

F ORI P .




——— o e——

JR——

T T Y T e W

oo

T

Dal sl "ul Al

Y,

TV

ARath Aulh Sl e Rait St Mgl End Sadh o

T Ty

v

64/9 SO 21-91Q

L
4
-4

e KA . A SA1ddAN NDISIG oa
1‘ ‘HISWNN — RN ‘3QON
[

i

[

- ea

| ¢ siuawnoop [LN

& partelap [/ )

I N/ DSBAEIED S| QeaIsSEA[AL elep ulisap

!

ca

i ? u3isep |~

N\ ﬁ sjuswaiinboax peitelap [~ v Y '
h—~ duranjoeynuew f wxojaad sa130[0uyd2

| pa21d9,as

¢

< ) ( 1d

| 10 udisap priqiy
Tuor — N
T30913S
_ £8o70uy>1 N4 doo1 orqpasy ulrsep \_/
oxew -
| ﬁ TSOTISTId 10e1RYD souewiojaod []
_ _ . R
\_ —J )
|
e i
| siojoeg udtrsaq Lt
sjuomaainbay weador,

_ s1032ej Burinionejnuey 9 A 150)

‘LX3LNOD EREINT

NOILYIIN8Nd

Q3aNIWWOI3H

H3avau|

ONINHOM

A3Y
18-42~L _3Lvy

oL 6 8 (

B I R T NS A RN 1]
o St

oy,

. . . ; . . S e et .
, . ) .. . . - D N
" L 3 . s, N . T Ct . X e a o
” B e b e e ol = Pl e ) I " : o PO S

v

9 § v € ¢ 1 SI1ON]|

Oo—-d
1123r0Yd
HOHLNY

1v @3sn




T T W W T e T T TR T T e )
. . (R | Lo o i . X v ‘ . t N ' | -0,
: ! -‘
: -4
R - e e e e et e e e 64/9 39 9T 91Q m
B - - - Ly NOLLOHT4S ADOVIONIDHL ANVH 1a 1
H R E LI L ERI] '3GON 1
. T
s
! .
uNpsop . ) " 4
! M praghy g prigqiy sa13o10uyd3l .
$ wzLL® pol3oa13s L
_ -niydanuod { 1uowssasse .
_ 1S0D 5
sa1do[ouynaly e
T0 WESETEEE s wHOuMMW L
_N‘ul%\ = $3500 !
-/ ssosse jeriajewn
3 !
” ! K [e1aajeuw
WH azAkieue
% | A3111q1onpoad
, _ € A1
- -11qyonpoad
t . $SaSSE sa13111qrded )
. _ z
b a131[1qeded
_ ssasse
b
Y |
L 1 joesryd
w. _ \_ Juswazinbox suewio jiad
’ azhieune 1
4 I
+s1boy
- S10108J udisa( U,v\l 4 weidolyg
4 | $1070eg Sutaniosejnuey] nola. Nuﬂ 10
:
! i NOILVIIT8Nnd] | 0L 6 8 £ 9 G v € ¢ t SIION
.‘ O o T [c3ananiooa o
2 .. idvHa 4 'A3Y ey W ol 93r0Hd
V JAX3ILNOD jilva 43Aav3y ONINHOM|X ﬁwlm.mﬂ-ﬁ w,.mvu\!mll o i.:./.\l __1.:_:“._ .‘.o_»_ ON ‘HOHLNY Av a3Isn
v
L
’
s .
:
L




Y
_ e+ et e 61/9 SO 91910
, e 9V NOLSEA ddTivLIT W0 INsd zd
_ vaswon - - 37414 ‘300N
: }
; _
V. .“.Am
1 _ ! . ..W
R
w ! =
k
_ M,
o K .
= ad£3030ad e
5 -« d Q p11nq zwmmamumv adAjo3o0ad Ry
ﬂ. | 4
s3doadse jeoisdyd k
“”‘ — qv A— ; !k“w
Vr. € ,.~.m.
5 ‘@ A11eo1shyd N\ "
. N2 Mwm_m\:mcm IIN2ITD v J
: auyjop S
. [0) moy3 b
g _ ( D11BWAYDS 2 B
-\)I MH( taedoyss ﬁ bNUwuuomaw\JA:muWuuuﬂw \/I L
-t 1e21a3099 ~ PUTJIpPN/ ) M
. ~ .. “
g | ( . " E
he oY \ N‘Wo“u vkeot Areo18op ™\ O saidojouynay x
b _(_I { we4derp o1dog autjop e e pa1d>0[as xw
.
3 | _ \ () k
h o
w. — | AAA
| !
’ ]
- _ 1dasuoy) praqiy -
: M “
o e NOILYD118Nd oL 6 8 £ 9 S ¥ £ Z | 'SIION "
O @ T |gsaNawwools ou
O o o ~_lidvya ‘A3Y QA TIHOIY WYAVO LT jg3r04d
:1X31NOJ aiva ¥3av3y ONINHOM[X 18-42-L "31vQ L vneaa YIop[0N HOHANY -AY 93sSN
&
!
’

-

=T

B

. ._.: R ﬁ. ,
e B @

[amd
IS




]
! .
. — . . . e o 64/9 SO 91+-910 s
: . R LV NOTLVLNAWNDON (1Y Uil 4Ly o0 fa
3 _ "HIAWON _ 3400 ‘300N ;
:
|
3 |
. | :
J
X I oseqelep Y, 5
X N\ _ a1qeaseajal aseqejep uo13eIUGWNIOP T
! ZA\ ajgeseajai ’ X
P, ﬁ aytdwoo sBuimeap/yiomiae
a '
| I :
. ¢ sduimeap o> = b~
§ I jiomiaie C weileip o180
/ P <L
238210 '
| TN
ﬂ. oﬂﬂ—umz
ﬁ | 30 1114 L —~ ‘
, % slerIaleR X CELLERELEL
| jo 1114 / .
. _ P1INg —
. +snadsf ] Suo13 213emayDs X
[ _ _ _ 1saj] -eonrjroads 3919,
h' un.wmu N
3 | ERL W fa) S1sAjeue IInNd11D .
. | L X .
._ L R
-h J .
. _ _ A1
3 | sio3oej udisag &/\
| 2 sjuowaarnbay weadoxy
f. _ s1032e4 Sutanioejnuel | ¢2 | 2D 1D
. o L . __}_ NOlivd118Nd oL 6 8 £ 9 6 v € Z L :SIION . _
. O e ... _}Q3GN3WKO03Y od -
3 O o R S 14vHda AIY BRLIE RS AT IARAN _...<:<.:__ :£23rodd .
3 :AX3ILINOD 3ivaQ ¥IAQv3Iy DONINHOM] X \8-Lc-¢  ‘3lva Ty ey IO CHOHLNY ‘1v aisn ey

-




" y— Y enaramaas g oo aus 4 ey R Y R r——rr -
XEOLt RN I S ™ BT Ml oMMt an eyl MDD

. o . €£/9 8D 911910 oo U
5 L 8v SUTHHAN 3DNA0Nd 0-K K
) HIAWNN . 3L ;300N B
. i : o
3 K
' { r

) '

. _ 4
N .v.._
- | I1sdeuy Swa3IsSAS WV)/AV) o
,—v.
- | 1sA1euy swaisAg uotlonpoid : INIOIMAIA
h
r. _ A
L *SOTU0I13D9120I0TW p1iqAy jO 23anjdejnuew )
”., _ 2yl ur Indd>0 yoiym sdiysuollr[aa [ruUOIINUN] Y] [LEBIIP O : ISOJddNd o

-

1

| (017} K
ﬁ., ol
- . L
A - -....u
y Y
8 spraqhy Y
r v,
Y | &Buaﬂs po3e]owoo Er
, aonpoad udrsop praaky h
Y .
2 _ ‘e d
‘\.. ......1
Y, _ s1010eg Suranidejnuey
—\u
m _ si101oeq ulrsaq

w. _ sjuawaainbay wealoaq o
‘. —

‘-

T _ :
3 :
, _ |
4 z .

, - NOILYI178Nd oL 6 8 £ 9 S ¥ € Z 1t S3ION .
. | Q3aN3WW003Y

g T T 11vHQ ‘A3Y AANIOIIIYIIY WLUVDIN ) y3r0dd

3 :AX3LNOD 3Lva_ d3avad ONINHOM 18-%2-8 "31va VNN CIB[[ON  HOHLOV 1V a3sn

. :
W

- . .
Yoo s s

- - e e e - e e
w e | . ' VLR O I T 1w e hdntendetuntind




— o
] c
” e e e e e e i N L 6//9 SO 91% 910 >
. | R SOTMIAN 4DNUOdd OW -
,.. - B3NN - 37441 300N
] ‘ \.,x
: e s3Danosaa uorzonpoad o
. | h - — A{uo ,1.npoad aonposd, 10} @
™ ..\g
[ T Lluo ,sjeraojew 3upainjarjnuew ujelqo, 0] G 1
10 3ot poad 1 inpod
} .
‘ﬁ' ’ s[eriajrw Kiuo ,sananosax uorjsnpoad apraoad, 103 ]
: _ paysiul] zonpoad pon1aIal t ! ! #
94
! !.ﬂ!!a SH AQuo ,uotjonpoad ueid, 103 /@
) a L]
g | mmgw:wuae
- i,ang3oeynue Y
: [ uieiqo R
p sadanosaa
. | LI JE y
. uoijonpoad 1
: . o apraoad | . 55ds sy007 ) .
| sisanbaa
b SWaly
. | paandoad o\®
. uorionpoad
. ! r SUOTIINIISUT ~
ﬂ_ dco_uusvoum n
f | 7 Sa|npayos
: @ﬁ ef @ ® s32dpnq .
! | - Se|npoyos 193STUTWpE )
| /s198pnq R aew
! ] W
_w.
b
1 | L \.
m. |  s«i1030eg SBuranivejnueR @
4 i sio3oeq ulisaqg @
[ _ *s3ybay weialoxyg O
. NOILvJ118nd oL 6 8 £ 9 6 v £ ¢ U SIION
1 - Q3aN3WNO0I3Y O-K
4 - o | 14v4Q AIY AR R R RSN v.?..;/..u_z :193roYd
4 *LX3LNOD 31lva 43agv3iy ONINHOM [8-%¢-8 ‘31va Vo uroq tasp[ay ‘HOHLNY AV g3Isn
1 J— -
v-
e
b
g
3
I . ;
3 .
3 - ) LTt e ® CRORPR )
| ST ..-EL, . -.L.r.»v e et e taan se amaiaiatal




M

6./9 $9 91t-91Q

o1V
‘H

JANNN

HANLOVAIINVR H04 N

Vid
‘3L

iH
:3CON

uepd

| sueid 3aoddns

Sae ]
S913TATIOR
3ao0ddns
dooaap

ueid vorjonpoad

*LAVHD RWVO1l 3HL
NI 04UNTONI SI VAUV STHL 40 NOLLISOdW0OO3d aA3ITIVLIJ
V. CONDINLOVANNVH d3VdS0¥3Y 40 MATA FLISOdHOD HWVO1
JHL 40 NOILLYOd V 40 NOILOVALSHV NV S1 RVIOVIA S(HL

sue)d
[ uoi3ionpoad [N=© ¢ sueyd
IL\\ uoijonpoad
| ————t doyaaap *3182 150D /dw1]
sue(d asanosai ‘suerd 3danosaz
L. sueld
_ -9 ul 321n0591 N ¢ 2ompoxd
03 °Wia daduod
| - * Psasoocsibaa 3
9A11EB1Ud]
wumE‘:mw
i J .
" _ 1 * Jnuew
_ ﬁWWuuwﬁwm jo poyiauw "
—~ umw:vuml¥ . PoOYylIaw|y 21n3IdNiIIs Aw~;w_mmv PIiQAY T
|~ BYD 3uraasaurdua B Junsse
— \_
_  (~Solewiise J ™
L \_ Y §31502/3uw1)
_ ™) )
_ d
\)(hv \)lhv \_ -siboy
_ I[Npaysg 133IseR A.v eleQ 2a1ny) m:wﬂuquA vﬁo weidoxyg
O O OH } NOILYDI18Nd ot 6 8 £ 9 G v £ Z L 'SIION
G3IaNIWWO0I3Y OH
OOO- T T Tiavea ‘A3Y AANIDIT NIV WVAVOTH :393704d
:1X3LNOJ 3lva  #3av3y ONIXHOM 18-%2-8 :31vQ Ty ukag ‘19113 HOHLNV 4V g3sn

L,

. .

<



T T T @R T T T T T T ST T e T e g

p —— 61/% 5D 91t 91Q .u
: .- ey n s o 4 . £t e e e e 3 128 8 2 e+ s+ et e+
N Ly ! SLADANH % SHTAIHDS HALSTHNIWIY 9 ANV CH y
. . ..mlmwébz_ o . _ o 3141 :3A0ON .
; i
., I *LAVHD RVOI 3HL
. NE 3NTONTD ST vaRY SIHL 40 NOILISOdHOO30 d371VL3d
S | Vo CONDANLOVANNVA AOVISORIY 40 MATA JLISOdROD WVI1
' - fN AHL 40 NOLLIMOd V 40 NOLLOVHLSEY NV Si WY¥OVIU SIHL
; _ “ A101s1Yy @dourwaojiad _

Kioastiy _

g ; % 39d9png R .
. f~ s3s0dau - mﬂﬂsvvsun 01 1
; N/ Gouewan j1ad ‘ B - o

; | oouewiojiad [ @ STENIDE SIS0D PUB I[NPAI|IS o’ A
f ﬁ\ll 103 [uow .

4 T
8 ! . |
J ) 4
3 _ A
b

_..~ . ™) .
y 1
3 _ Z ~

,, ~ (S328pnq sainpayoss mmu?: S Inpatos o A
WW | ~g sagnpayos sainpayos| F3FUIP109D —~ 1
. doganap mwmpa.ﬂ.ﬁ.gx.: o 1] 1 1
W. | : _ .
] a1npayos aynpeyos ﬁ . -
§ _ o 4 1935w - dfn/\ s1bai =

., ~ “  153sewm “Canpayos 3w jonpoad

m. ] 133sew doganap

e L

r _ h $328pnq ur Wmﬁ:vwzum ut 41npayos I93sew

- SUO1sSiaadx adj§ poou : b @l

ﬁ_ | _.
,V‘~ — ( ..-
_ \:we -
h _ uejd Surinioejnuew .
g M g
’ . = :

b [ T w~owuwoiiand oL 6 8 £ 9 6 ¥ € Z | ‘SIION

T __ |o3anawwooay oW

' T 14vya ‘A3Y AUNIIIITY Y WYAVOTH 1 193r0Yd .

: g3gvid]  ontiyom| X 18-47-% Hva W UTan CaopioN  HOHANY 11V @3Isn ]

’
'
’
h
’
&
3




[ ) T
{
ﬁ_
e e e e e et e e an e o o e 64/9 9 91910
X F— LIV NOLionaodd NV Td (W
g : M3gwon| oo 344 ;300N
b \
TLAVHD WYOT dHL NI G¥ONIONT ©1 VARV STIL 40 ND1LISOJW0330 :

ﬁ. j GATIVIAG v "ONTHIOLOVANNVIK 0vdS0ddY 10 MI1IA FLISOdR0OD . -
! WVOT HHL 40 NOILAO4d ¥V 40 NOLLDOVHLISEV NV S1 WVAOVIG SIHL u
P, I S o
2 d s3.10da1 uoriaduwos J }
3 | paseo ol
i R PRIEpP{(BAy
g _ 14 Buruueid ~=s$22ds 1003
‘ -
A w >23d5 [003] oasea(sa § soads
. %donn sit1ed -yoin a3EpIiEA s3aed paseysand
. m.\,J:pf:q. uorivnpoad
] ™
, I uo0135n13SU}
: nijsuy uo1yonpoad R
. *poid )
5 ( doiaaap - 9
k swioj °*3jw j1ed 9
W _ vummsvou asueyo “jnuew B

PR Jo poyjzsuw 4
g \.Jﬂ mm Buizesurdus AN r Ts.u03 palIe3ap J 7
4 5‘[ 2U1WA233p R
1 | SlEraeaew jo :EW\ Mmzom -
h \. 7 sadueyd -
s .
b J \ /SQSEBA]D I b
[ _ . N Sutuuerd TBuiiaoutdua™ A
y mu:oscwﬁmmm [013U05 - .o
8 _ \ mw:m::sﬁa up >~
' _ J ﬂ. moxcm;u 0] s 1sanbax 9
F ....
] g
4 | E
. | §3131STa930010YD %v./\ suetd 7\ S1500 T
4 ERROTEEE Suraninejnuew ‘sainpoyasslaidpng ]
i -
”. - b b (v9) u
3 O oW |____ . NOILYDIT8Nd 0L 6 8 L 9 G v € ¢ [ S3IION .
, O O 1 . | [a3aN3wwod3y] O 7
g O o o o F.&!«\KQ ‘AJH 2ANIIBIIY IV WVHVD I H 123roYd N
g ‘AX3IANOD 31va H3Qv3yY ONIIHOM] X I18-6Z2-8 -31va o TVoueag fao LI HOHLNY ‘v Q3sn )

L J o ‘ B RO N
) r..» L LN o atay o . J—y PP o N




3
a VU DN S VSS QUSSP S — 549 $D 91910
., I civ SASANGSAY HOLLONAON G d0 A0 7W
{ T —HITWONY e e e o e L3 :300N
ﬁ-
.m SLUVHD WVDT OHdHL NL Add0IONT ST V3NV £
f { A YINOSD A SIHL 40 NOTLLISOdWOGHT MTIVLAYG v *ONTHALOVANNVHA
4 — ‘.: 1TupOId. “ ADVASOHTV A0 MEIA HLISOdWOD WVDT dHL 30 NO1130d
m.. ] f\...- e E S .c-l:!.!slj\tl.«lil.!l..l,.,;'l!il.. TN V 40 NOTIDVHLEHY NV S WVEOVIO STHL
-
L | By~ a1dousd
., “ QN |
a1doad
i apiacad §10013 AJ
', 1511210BARYD 001
] _. (Y ¥ O
1 507131STI93dvARYD
3 { o~ 35IN0sH1
! é.r...i%\ A ad Y
o s’ ! q
., ! ( vf\u:vsawnvw
*1a3oeaeyd -dinba A
:, ~ ” 7 4
% juawdinba 1
3 ! ~ d Y )
% ﬁ PP1AO1 qo1311108) .
1 |
& suoriisinboa : |
3 | o r\m dseqdrnd . SALAL(ION] g A o
g _ N— apiaoad SwH 31T paindoud hnd :
] \ \ sotarproe; ® ¥ b
] _ ' f ‘J .-q
- )
3 _ b o D :
” | suotr311sinbay ueqJ A; SN3Ivig
ﬁ. swapqoad/sdads vy 531019 SOLIL[12E}/AdUn0s0y SIOPI N1OM ik
_ AC. 4)) a AG ov }
' ¥ T T T T LT T e T T T LTI LT L L T L L i I I T TITTTToT T U TIIIITIITITTTINIL L IR i
4 o) NOILYD178Nd 0L 6 8 £ 9 G ¥ € Z 1 'SIION _
1 O H T 7 Ya3aanawwoo3d| OR J
- Oop ST © 14vya AT ECRRRPREREA 193r0Hd ‘“
{ IX3ILNQD O m.r<n_ mu0<uz o OZ_.MIKOE .m.mﬂ.vlm.yﬁrlm%./wm: R /I _:_Hi_ _- ‘HOHLINY »I|:-ne.mmm.u:w...u |
1 K
b i
. .
3 !
b
1
i d e et — e O .. RSO\ VN R BN NI N




AD-A152 186  HYBRID INTE

GRATED COMPUTER AIDED DESIGN AND

MANUFACTURING(U) HUGHES RIRCRAFT CO TUCSON AZ TUCSON
MFG DI¥ D A KELLER ET AL. 19 OCT 81 DRRHOi-g}ED;9252

UNCLASSIFIED




ORI et Jab N A A M D A A ‘1
E“ MAAAN AR IAS SR CH A DA ARSI WA SRWENEREALAOOUFARSSA S NUC A
R N T IV M A T
X
& W28
1.0 &z f2s
= k& & 22
— 36 ==
:: Hﬁ
"m el Y
Il = =
= IS
iz fils e
MICROCOPY RESOLUTION TEST CHART
NATIONAL BURLAU OF STANDARDS 196« 4
-
b
¢
.
P'.
3
-
¢
-
‘.
-
ERURE - S
.:’ T K o L T e e et e




——— ~—x e ——TT T T T — Y Y ERE i Lt T e TR L T VS T e e T —" f:..#.#

. S . 64/9 9 91910 ]

, B n iV STVINALYN ONTHILOVANNYI NIVLEO SH =
,. REQTNY - L 3414 ”moozﬁ A
X .
. | '
. I *LAVHD WVHT JHL A
; N1 Q4daNIONI 81 VIYV SIHL 40 NOILISOdRWONIA AFjIVI3A A
I V  CONTUNLOVANNVH 3IOV4SOddV 40 MIIA LISOdWOD WVDI ;

dHL 40 NOILY0d V 40 NOILOVILSHV NV S1 RVIOVIA STHL B

! swo3l paanvoad

b K1oluanug
s{erio12w

b

§ | a8eurew . )
. ( [.3ew pajdadoe »
! ! sierialew -
faax _
. [ pa3oafl
. . £l euw
- a\% ¥ pa3dafai] 30adsug
{ I muuonou\ 1,388 paATa0221
\.. _ *dsut %
: i 1 L] e PRULIULE N
: < - \% Q13 Nw~::.=.=0u 1.3ew uoilonpoad
: _ 9/ Av\u ¥ 103] *sbax aseydrand
h h\_ 1
b | T hid 1,3ew -poad
g k \_ suctieocoiieljo roanocoad
b I QWRICIUSAUY 043100
¥ sjaodaa
r.. _ L103uaauty
”. | -
3 r *sabo
Y _ . ~p . N > A.V( \ u °d
- *sbay saoi101g spaepuelg Lirpen) *sbay oseyonafiy s1bay adanog ¢ teraoaey
s | 4)] a OO Q)
9 BN et oSNt rlictomt s wprerniseoup il L TITIUIIIIICT LTI . AP . O N N S e
g OR e .} NOWYOIIEN oL 6 8 £ 9 G v € Z L SILON
’ O €] G3aNIWWOI3Y OR
, o O O - o T _u<m0 - A3JY aan ooy ey WYAVOTH :13310Hd
v axanod = Ofaiva 7 wagvas| | onoiow 187027 3lva vt SLION HoMANY 1w a3sn|
v -
3
“ -
"-, .V,P.L!L..r. aAlala a ,.P.P.L-L L.r.&.knk....bm.}..ﬁ. N PO .LL.LF.UL.I..L-L




L andh avdl SN R o

">

-

T

AR

A

LA I padl et

S

Lial Gl S e g Gl st

-

Ve

R Yaa PR teat i Rl B

YT

. o 61/9 SO 914-910
1 1V - 100G FoNA08d on
- HIINNN 3L ‘300N
_ TLYVHD WVOL IFHL N1 addniioNl S1 vIAV SIHL 40 NOILISOdWOOda a4 11viia
. V. CONTUNLOVANNVH ADVASOHIV 40 MATA ALISOdHOD HWVD1L
i JHL 40 NOILYOd V 40 NOTLOVALSYY NV SI WVHOVIQ SIHL
| sjonpo.ad
paisay muumaw
! %I
_ .wamwau« < porquassesip [ syied-qns paystuij )
~ b Hep 1onpoad
I~ I3ATIOP
|
Y
_ -
1521 swaly
{ paystiuyy
ejep jed1uysal 4 ﬂ. 9K
uoyjonpoad uorionpoad °
‘lhl 1 =~ 1edrsdyd swoay
¢ °ON1ISUY °POI = w10710d
r‘.\IIﬁluau_aoua = 3 uoyionpoad
i o ol - —~ \ ) swalt
i M ® Swa3y paandoid ~
(145 uot3yonpoad — .
P~ - 0x3uU0d
| &35Tnbsa §s101s <l ! - Tsioor =
[ ]
| u -
€ 3uroe11 1apio Niom 1 sa9pao Su013IoMIISul
uor3onpoad toljonpoid C
_ {o1juod
$21npayds uorieniaqey/A{quass
_ \_
| F
IS1] s3aed
_ *s3bay alexqoeqg h m.,.mwv:n\mﬁ:vwsumﬁ OVAV painjuapuy
3 NOILvoII8Nnd] | OL6 8 £ 9 6 v € Z 1 :SIION
Ll o o~ [ T T [o3anawwod3u| | ON
@) ‘o I ) .uD.«mof ‘AJY L PANIIAITYDAY RVAVOIN 1) 93r0Md
axanoo ~ OfFiva ~ “wiavay] oniom[K 18-¢2-8'31VG 4 ' ‘v ueag ‘ao([oN  HOHLNY 11V @3sn
I . L




w

Ve T

i Al el o Sl

e

R et

b Vel

v,

W W TR

Lans o

A"l 0

oy
N . . S . 64/9 S 91910 -
b Ly SOTWAAH AHNLOVAONYR L9 L
HITNON : :
‘_\ NI e ERTYNE :3QON, .4\
< d
|
I ' .._
rros—) 9
_ =ETE99 swa|qoad ssadoad Ry
L jeriajew Ly
1 A saey p11qiy padeyoed s
(cton R
| 9 o
ui8eyoe
lll.ﬂ paisd 5 ° LEM_: h ¥
aqQ 03 [egaajew] ) % .o_u praqky padeyoedun J e
- 1E9N '
| C % -
9 1quasse
! pPragky R
r aje1isqns
| EEIN
\. N\
{ h .mo..:wowunﬁw meu wo1j joeqpaaj Jurxnioejnuew \_/
@ aie13sqns ;
| < Mv_hozwu S °p
c
_ r \.. .” Niom .
Alwmmﬁmu. udrsse
| /iuaumisse
310m
_ X 1
*1,7veuw
I mm_umu«é ansst
| L \ . . >
.  d
_ si0312e4d dutanidenueny )
O [ NOILYOINaNnd oL 6 8 £ 9 G v € Z 1 SILON|
O _HM_ B — [a3an3wwoo3u| oW
O Ok ——moo L tdveal ] ‘A3Y PANII LAY WVAVE T 12370
:1X31NOD 3ivd g3avid]  onivyom 1R-£z-/ _ 3iva SV HEN( a0y HOHLNY 1v @3sn|




L

L

LAt STl Y

L 8

€ v

Mnral i el Sl sy o

AR DA A T 4 20 YA Y

Al

-

[ ek el el

»

At 2

64/9 SO 91+ 910

- — . - e v e e o
. B LIV HOLLVO1dv A YNLSENS 04 “LLYNW
o HIGWON] o _ 131418 :300N|
|
|
| SERLEET I o
L pars01 94 01 1511030 ©
T AN S .
| ,r sjuduodwo>d paisn{pe SUIPAT A IomaI @
3 e |
snfpe ) 2q o3 swa|qoad ssanoad @
_ X saje1lsqns
s23B135qQNS
= - 2 2
g~ jo sadky isyro 3 L3o10ouyo23
Q /leria3eWw ™
] f T g asyjo asn
Oa 5
_ L o ”
(‘ S5Tweos poifjoo Q.lh €
sOIWexad
! O— 511300 - ™~
I z ﬂ W{TJ Uyys 10j oseq W(1] v_u_j
~N
L - _rr v 4
| \—#s3e1asqns wiiJ }O1y3 ~ LI P!
h%” A2143 )
_ AV.II-[ wiojiod
| &es7en :Q.PE u
\£2318135GNs Wiy uryy wyvy
_ ury?
wiojiad I
i _ \ \_
! sa010e4 durinidoejauey
I €
= il NOILYD178nd T T T e e T STy R e T s3]
O O O " la3aanawwoo3y]| | L9K
H O . L o :<¢or, ‘A3Y AR Y Y JWVAVO IR [1D33r0Yd
axainos ~ O 31va _y3avad] " onDiomx) 18-L-8 31v0 VRN e HOHANY 1v a3sn




Al Sl

IR ETINLTT

e

W VL TR TR Ny T, T TR,

]

.

TN

DA " B S i

BIV
MIsvion]

64/9 SD 91910

ATURISSY

. —

GIHdAH Od

ZLYR
3408

:300N]

*=9
_ ng.:;: podeyovdun

1apeay
Junow

| o (

suo13IdauUu0dI3IuUl

dooy yoeqpaaj 1

4
| N :
“ a n 22uUu0d133jUl u”L
: sjusuodwod padeyd o

S

I fy doo1 oeqpaa) _.m
_ o
&l paisa3 y 1 ﬁ i

M q 01 jefisjew sjuduodwod s
_ A HA0oMa1 s WU@,—G w (eTIoT d“ ..‘J-L
S m d “
| swajqoid ssad>oad ﬁ L J “
_ J T
N

A y

| 1
s1010e] 3upanjdoejnuel .y
»

| €0
B

NOtLYOIIand - TTTTOUT6 8 (9 G v € ¢ t SIlON

o O B 0O LN T T [a3aNawno93y $.ON -]
O O . L o .Pu:\IQ ] A3Y v o PRy VAV TR 11D3F0Hd o
:1X3LNOD lvy y3aviy_  onigom[x lg=£g~(  3LvQ v uren taooy yoWiny]  avasn %

(P lbbr.pi‘h, P.b b. - “L L PP LY ’Ib' .r e




D vesh A el |

o

ProTOTTE T

GL/3 €O a1 210

Jz
GNLOTRE GLNRAR 0N SEIN
e e et e e 2 . e e et e £1 oo —_— ERIEDY .,uaozr

i
|
i
i s vermad R NS dEOUD

ﬂl sjIseld
} asn
i
] ¢ SBuizeod ~

- 1ewaoJuos

| ﬁy asn
_ z

é Arieoiiawmaay Y
| \\ﬁ. r 1eas
| paisal ﬁ. spea] payoeije

3yg 03 f,

wm:u Ys®33e ﬂ\ 3T EELL

| R-[IoRST y

swatqoid ssadoad

L

peay
wiojyiad

s103opg 3utanidejnuey

| €0
Y gy LTI LT LIl T .HH.IIQ...H.M{”N‘-!.:M.#J.WW\WXQZ e s o e
Ol o o o s W
OO0l o T tavual] Aag SN R a53r0ud
AX3IANOD 31vQ B H¥3gvad UZ./.IO; X l.lln.—ym.w$lmv...h» MW(O‘ R ./I‘ _‘:-I.M_ .. _._,.-._ N .IOIFD% .—NSD.W»M.D

Sp1aqky pagdexovdin




- s 11-1-
F . ;
W. .,q-.-
..
3 e
. e e N e e ot LAYy St T See Riems M am W e Taes bR e e ¥ e e e =i e Puomm ¢ sl etemmiie s 4 mes et oo o macom &ii9enciyorQ ..\. .”..
i B : IR ~ e v e R .
L S ! SOTRIAN L5AL YO
: e DERIDRY - P ERIN! 30N )
: ! E
g R
3 ! .
S e
3 1 RN
. ' K
4 | osonuad oW sijjoeqpany ssadoad ‘aanjoeinuew ‘nfyisap e .
i EERUE] - .
ﬁ. MatARL [UIaOTERW -
v -, u
3 _VA pYiady WA vmmm.:m:n \vzﬁ\ Saan{Tej uoy3Irod<y’ ./.\U “
h i }gi 2an{Iej3 ’ ._.‘u
- { op sanyte; L
o N [
— . ....4.;
3 ..,.u
4 - 3597 el
3 | G o prorn & w:.—:wwuum T
.w _f\v;._ U93.2S pass Qu - op 1893 B
|- euorjduny passed
W
. | A
. SP11qAY P33a{Cwos ] . Nm ou_mw“: . - T
| 2IN{1EJ 1euotasung M pajsaj aq 03 °1,3ew _—
: @II op wwmmaa ]
ujuny .
3 _ ) &
p? —L
g Buiuny .
\. ! i aun N
4 o o~ A P 3 -~ K
] _ Qssaniie] ~u:oww2.=uf‘\ e — . u
: | ©
- — o
9 \_ ]
“ _ P i
A .
|+ *sibay *sibay
g _ wexfoag 189 o
p, ITTNTALL s o
. di‘ oK NOILVDI18Nd 006 8 £ 9 6 ¥ £ ¢ 1 SIION
3 O | |a3aN3wnwod3y ] M
P O Oltso —- | . idvHO | ‘A3Y AANIA TRV WYAVDIH 1DIF0Yd
3 :1X3LNOD ilva d3avay ONDIHOMIx] yg-y-g ‘31va v ueag oo HOHLAV 'LV a3sn
)
L&




2/9 SO 91910

STSATVNY duiiva od

“99H _
:300N

L vy

o

vy

o

10X3U02
ssaj’2oad o3
Hoeqpa3ay

apraoad

%

\_/ pieoq matasa {eriarew

spr1qiy paajedaa

Tr—

2 BhilA araaca s B B S

NI0MAX
wi03jxad

A

4
uotljejosy
ﬁ! pe@iejost 1ine;
wiojxad
ejep aanjiey

—)

-

A

X/ saingrej 1sa3
U3313s P [EUOTIDUN]

si030ey sjuawaagnbay sjuawazinbay
Suranjoejnuey weidoag Is3]
€0 19 )]
H | ~Notvoinand OL 6 8 £ 9 S ¥ € Z 1L 'SILON| .
O _|a3an3awwod3y |
i o} . _1dvHO ‘A3Y SEURRUERL EEN :123r0Hd
H3Igv3iy ONINHOM[ x I18-Lg-L 3Ava_ TV uBag ‘12134 HOHLAV 1V @3Isn




N cate e A o o Lj




